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PREFACE  TO  TWELFTH  EDITION 


The  object  of  this  elementary  manual  is  to  sum- 
marize, in  a  condensed  and  succinct  form,  the  most 
important  applications  of  Preventive  Mediciiie,  espe- 
cially as  they  concern  the  routine  duties  of  the 
Medical  Officer  of  Health  and  the  School  Medical 
Officer.  Such  a  review  must  necessarily  be  tentative 
and  provisional  in  many  ways.  Impi'oved  methods 
and  appliances,  fuller  and  later  statistics  and  re- 
search, and  new  conceptions  and  applications  are  being 
brought  forward  year  by  year.  Not  only  has  there 
been  in  recent  years  considei'able  growth  in  our 
knowledge  of  the  etiology  of  disease  and  of  the 
conditions  of  its  pi'Ogress  and  prevention,  but  an  ever- 
widening  sphere  of  influence  in  the  State  has  opened 
up  l)efore  the  worker  in  Preventive  Medicine, 

For  the  twelfth  edition  the  volume  has  been  re- 
vised throughout,  and  although  endeavour  has  been 
made  to  retain  its  size  and  character  as  far  as  prac- 
ticable, a  considerable  enlargement  has  proved  to 
be  unavoidable.      It  should  be  added  that  whei'e 


vi  PREFACE  TO  TWELFTH  EDITION 
competent  authorities  differ  in  opinion  or  practice, 
prominence  has  been  given,  as  far  as  possible,  to  the 
official  views  generally  accepted.  It  is  hoped  that 
the  book  will  furnish  a  useful  and  concise  record 
for  the  purposes  of  the  Health  Officer  in  every 
branch  of  the  public  service,  as  well  as  an  elemen- 
tary text-book  for  the  student. 

B.  A.  W. 
G.  N. 

London,  Aiunist,  1911. 
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HYGIENE  AND  PUBLIC 
HEALTH 


CHAPTER  I 
AIR 

The  primary  essential  requirement  for  the  main- 
tenance of  life  is  air.  In  100  volumes  of  pure  cUy 
air  there  are,  approximately,  21  of  oxygen,  78  of 
nitrogen,  and  1  of  carbonic  acid,  argon,  helium,  neon, 
krypton  and  zenon.  There  are  also  other  gases  in 
much  smaller  proportion.  In  practice,  however,  air 
is  never  quite  pure  or  dry,  and  it  is  therefore 
necessary  to  include  watery  vapour,  dust,  and  gaseous 
impurities  of  local  origin. 

Oxyg-eii  ranges  from  20-99  per  cent,  by  volume 
in  sea  or  mountain  air  to  20-7  in  crowded  rooms, 
18-3  in  ill- ventilated  mines,  and  16-5  in  expired 
air.  It  is  lessened  by  respiration,  by  combustion, 
by  fermentation,  by  certain  manufacturing  processes, 
by  oxidizable  organic  effluvia,  and  by  fog  ;  but  it  is 
increased  by  vegetation  and  by  rain.  The  average 
in  the  open  air  of  towns  may  be  taken  as  20-96 
volumes  per  cent.    The  molecular  formula  is  Oo. 

Ozone,  a  more  active  form  of  oxygen,  with  the 
molecular  formula  Og,  instead  of  Go,  is  an  irrespirable 
gas  readily  reduced  by  oxidizable  matter.  It  is  only 
an  occasional  component  of  air,  and  is  never  present 
in  more  than  minute  traces,  difficult  of  exact  measure- 
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ment.  The  proportion  is  greatest  after  thunderstorms, 
always  higher  on  the  sea  coast  than  inland,  and  usually 
higher  with  S.W.  rather  than  N.E.  winds. 

Nitrogen  and  argon  are  inert,  and,  from  the  point 
of  view  of  puljlic  health,  may  be  looked  upou  as 
diluents  only. 

Carbonic  acid  gas  {C0„),  said  to  be  absent 
from  desert  air,  varies  from  2-5  per  10,000  in  pui^est 
mountain  or  sea  air  to  20  or  even  30  parts  in 
10,000  in  crowded  rooms.  In  fresh  open  air  it  is 
stated  to  be,  as  a  rule,  4  per  10,000,  but  this  figure, 
based  upon  Pettenkofer's  process,  appears  to  be  too 
high,  and  more  exact  measurement  points  to  3  per 
10,000  as  the  correct  standard.  .The  proportion  is 
greatly  increased  by  expiration,  for  in  expired  air 
there  is  not  infrequently  as  much  as  450  parts  per 
10,000  (4-5  per  cent.).  The  proportion  of  COg  in  air 
is  also  increased  by  combustion,  putrefaction,  and  fog, 
and  it  is  diminished  by  vegetation,  raiu,  high  winds, 
and,  in  rooms,  by  ventilation.  At  great  elevation 
the  proportion  is  increased,  owing  possibly  to  the 
complete  oxidation  of  organic  matter  (Angus  Smith). 
Both  carbonic  acid  and  organic  matter  are  gi-eater  in 
the  air  of  towns  than  in  the  country,  and  in  day  air 
than  night  air.  In  railway  tunnels  Clowes  found  an 
average  of  14  parts  of  COo  per  10,000,  and  on  one 
occasion  as  much  as  28-8  parts.  COo  is  usually  taken 
as  an  index  of  atmospheric  impurity,  because  it  is 
more  readily  measured  than  some  of  the  gases  by 
which  it  is  accompanied  when  it  is  the  product  of 
respiration. 

Aiiiiiionia  salts  in  air,  like  carbonic  acid  gas, 
are  due  mainly  to  animal  exhalations  and  putrefactive 
processes.  Fresh  air  contains  from  0-03  to  O'lO  mg. 
of  carbonate  or  nitrate  of  ammonia  per  cubic  metre 
(1,000  litres),  but  in  crowded  rooms,  or,  for  example, 
over  middens,  there  may  be  0"50  mg.,  or  even  more. 
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The  variations  are  generally  parallel  with  those  of 
carbonic  acid,  and  are  similarly  aflfected  by  weather. 

ITIarsli  gas  or  iiictliaiic  (OH^)  is  met  with  in 
the  air  of  coal  mines  and  marshes,  and,  in  very 
small  quantities,  even  in  pure  air.  In  the  former 
case  the  proportion  may  be  sufficient  to  destroy  life 
by  the  exclusion  of  oxygon,  but  as  much  as  300  parts 
per  1,000  can  be  breathed  with  comparative  impunity. 
If  present  in  certain  proportions  it  forms  an  explosive 
mixture  with  air. 

Carbonic  oxide  (CO)  is  present  in  minute 
quantity  in  the  air  of  towns,  but  in  larger  degree  in, 
say,  that  of  a  railway  tunnel.  Coal  gas  contains  from 
4  to  12  per  cent.,  but  "water  gas"*  and  "producer 
gas"  as  much  as  40  per  cent.  Carbonic  oxide  is  found 
as  a  product  of  imperfect  combustion,  particularly  of 
charcoal,  and  cast  iron  stoves  or  burners  may  give  it 
off  in  considerable  quantity.  Air  containing  0-05 
parts  per  1,000  causes  unpleasant,  and  eventually 
poisonous,  symptoms  in  persons  inhaling  it.  Less 
than  a  gramme  of  CO  may  kill  a  man  {Oliver).  The 
toxic  properties  of  carbon  monoxide  are  due  to  the 
fact  that  the  gas  enters  into  direct  combination  with 
the  ha?moglobin  of  the  blood,  forming  Avith  it  an 
extremely  stable  compound,  making  the  blood  use- 
less for  respiratory  purposes.  Persons  thus  poisoned 
die,  therefore,  simply  from  want  of  oxyhaimoo-lobin 

Sulphtii-oiis  acid  (F.SOo)  is  another  "product 
of  combustion,  and  traces  of  it  are  found  in  town  air, 
least  in  clear  breezy  weather,  most  during  fog  and 
under  anticy clonic  conditions.    Coal  stoves  and  gas 

*  Under  various  names  gases  of  this  nature  are  now  lar-elv  made  md 
supphed  to  the  public,  both  separately  and  as  a,i  auxiliaiy  to  L  ordinary 
coal-gas  supply  Tliey  have,  naturally,  little  lighting  pLer  tat  S  [e 
charsjed  wtli  o,  -spray  so  as  to  be  equal  to  ordinary  gas  and  fo  m  tain 
trade  processes  luuunosity  is  not  required.    Their  uJe"eal  sC  °  eat^c^^^^^^ 

haT  s    h'a?'e  1  "'''i'r  '  ""■'■'"'r  the  gas  should  be    odoHzed  ' 

tuat  IS  chaiged  wdh  soiue  strong-smelling  substance     In  certain  ApJ. 

tm^oTed.''^'  ""■'^  °'  "'^P'^'      ' '  ^^"'"1       '  -        of  U  per  cTuJ""}  C^ols 
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burning  arc  the  chief  sources  of  SOo  in  the  air  of 
rooms. 

Siilpliiii'ctted  liydrojfcu  (HjS)  may  occur  in 
the  air  of  marshes,  in  and  near  excavations,  in  collec- 
tions of  refuse  or  decaying  vegetable  matter,  in  sewer 
gas,  and  in  chemical  works  and  their  waste  heaps. 

The  inhalation  of  H^S  is  followed  by  more 
poisonous  results  than  is  commonly  supposed.  An 
atmosphere  containing  0-7  to  0*8  of  HjS  in  1,000 
litres  of  air  is  dangerous  to  human  life,  while  air 
containing  1  to  2  per  1,000  parts  destroys  in  a  few 
minutes.  When  only  minute  quantities  are  pi-esent, 
vertigo,  headache,  and  malaise  are  produced.  Two 
types  of  poisoning  occur,  namely,  that  resulting 
in  sudden  death  clue  to  the  action  of  HjS  on  the 
respiratory  nerve  centres,  and  that  resulting  in  .slow 
poisoning  and  death  by  asphyxia  in  addition  to 
nervous  phenomena. 

It  may  here  be  stated  that  the  various  constituent 
parts  of  air  are  not  chemically  combined,  but  only 
mechanically  mixed.  The  proofs  of  this  are— (a),  that 
the   relative   proportions   of  oxygen  and  nitrogen 
present   in   air   are  not  those  of  their  combining 
weights,  or  of  any  simple  multiple  of  those  weights  ; 
(6), If  air  be  artificially  made  by  mixing  oxygen  and 
nitrogen  together  in  proper  proportions,  no  change  of 
volume  or  temperature  takes  place  as  would  be  found 
had  chemical  combination  occurred  ;  and  (c),  if  air  and 
water  be  shaken  together  the  water  dissolves  some  of 
the  air,  which  can  be  subsequently  expelled  by  boihng, 
when  the  air  which  is  expelled  will  be  found  to 
contain  14  per  cent,  more  oxygen,  which  signifies  that 
the  atmosphere  is  not  a  stable  chemical  compound. 

Physical  properties.  1.  Weight — At  a  tern 
perature  of  32°  F    the  barometer  being  at  29-9 
inches    100  cubic  inches  of  air  weigh  about  32-5 
grains;  and  a  cubic  foot,  573  grains.   2.  Compression 
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and  expansion  Tiie  stratum  of  atmosphere  near  the 

earth's  surface  is  more  dense  because  more  subjected 
to  pressure  than  a  stratum  remote  from  the  earth's 
surface.  The  ah-  is  subject  to  Boyle  and  Marriotte's 
Jaw  :  the  tem^yerahtre  remaining  the  same,  the  volume 
of  a  given  tveight  of  air  is  inversely  as  the  jyressitre 
tvhich  it  hears.  Under  extreme  pressure,  with 
very  low  temperature,  we  now  know  that  it  may  be 
liquefied  (Detvar).  The  converse  of  compression  is  also 
true,  and  air  is  capable,  in  common  with  other  gases, 
of  expansion.  This,  too,  follows  a  law,  that  of  Charles  : 
the  volume  of  a  given  loeight  of  air  at  a  constant 
pressure  is  'proi^ortional  to  its  absolute  temperature, 
or,  in  other  words,  if  the  volume  remains  unaltered, 
the  pressure  varies  as  the  temperature,  and  if  the 
pressure  remains  constant  the  volume  varies  as  the 
temperature.  The  increase  of  the  unit  of  volume  of 
a  gas  for  one  degree  of  temperature,  that  is,  from 
zero  to  one  degree,  is  termed  the  co-efficient  of  expan- 
sion, and  is  practically  the  same  for  all  gases  {-^yz  of 
their  volume).  For  every  degree  Fahrenheit  above 
32°    the  co-efficient   is  part   of  its  volume. 

3.  Diffusion — If  two  different  gases  in  receivers  be 
brought  into  communication  with  each  other,  they 
will  diffuse  the  one  into  the  other,  and  similar 
diffusion  occurs  in  the  atmosphere.  According  to 
Graham's  law  tlie  dijfusibility  of  two  gases  varies  in 
inverse  ratio  of  the  square  roots  of  their  specific  gravities. 
These  physical  properties  of  air  are  of  importance  in 
connexion  with  the  practice  of  ventilation. 

The  physiological  efiects  of  abnormal  atmospheric 
pressures  have  lecently  received  attention  owing  to 
the  occurrence,  iu  certain  engineering  enterprises, 
of  coiiiprcsscd-air  iCIitess  or  caisson  disease. 
Under  increased  atmospheric  pressure  (say  25  lbs,  to 
the  square  inch)  a  sense  of  fullness  in  the  head  occurs, 
accompanied  by  deafness,  frontal  headache,  with  or 
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without  epistaxis,  sometimes  licemoptysis,  and  in  all 
cases  a  degree  of  arterialization  of  blood  in  superficial 
veins.  The  symptoms  of  caisson  disease  are  syncope, 
pains  in  limbs,  epigastric  pain,  nausea  and  vomiting, 
and  motor  and  sensory  paresis.  Rapid  decompression 
is  probably  respoosible  for  many  of  the  symptoms. 
Twenty  miuutes  for  each  atmosphere  of  pressure 
above  the  normal  should  be  allowed  for  decompression, 
and  during  the  period  of  decompression  all  parts  of 
the  body  should  be  quietly  exercised  in  order  to  main- 
tain capillary  circulation  (Greenwood). 

Bacteria  in  air  vary  in  number  and  species 
according  to  certain  external  circumstances,  of  which 
the  following  are  the  chief,  namely,  the  pollution  of 
the  air,  the  dampness  of  suri'ounding  surfaces,  gravity, 
and  various  seasonal  and  meteoi'ological  conditions. 

(«)  The  pollution  of  air — It  was  Tyndall  who  in 
1878  first  pointed  out  that  dust  in  air  might  carry 
micro-organisms  ("  the  raft  theory  "),  and  that,  other 
things  being  equal,  dusty  air  contained  more  bacteria 
than  dust-free  air.     Since  that  time  Haldane  and 
others  have  confirmed  this  by  examination  of  the  air 
of  workshops,  schoolrooms,  etc.    In  open  fields,  free 
from  habitations,  few  bacteria  are  present,  and  the 
same  is  true  of  mountain  and  sea  air ;  in  towns  or 
crowded  rooms  the  reverse  is  the  case.    Miquel  found 
an  average  of  455  bacteria  per  cubic  metre  (0455  per 
litre)  in  the  park  of  Mont  Souris,  but  an  average  of 
3,910  (3-91  per  litre)  in  the  Rue  de  Rivoli,  and 
79,000  (79  per  litre)  in  a  hospital  ward.  Haldane 
found  8  per  litre  in  a  dressmaker's  workroom,  but 
850  per  litre  in  a  dusty  ropemaker's  room  ;  Graham 
Smith  found  32  per  litre  in  the  dining  room  of  the 
House  of  Commons,  and  1  per  litre  in  the  open  air  of 
the  Terrace  ;  and  Andrewes,  investigating  the  an-  of 
the  Central  London  Railway   (underground  tube), 
found  12  per  litre  on  the  lift  and  21  per  litre  on  the 
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platform.  Carnelly,  Haldane,  and  Auderson  found 
0-6  bacteria  i)er  litre  in  open  air,  8-5  in  houses  of  four 
or  more  rooms,  43  in  houses  of  two  rooms,  and  58 
per  litre  in  houses  of  one  room.  A  polluted  or 
dusty  atmosphere  generally  contains  many  bacteria 
and  much  carbonic  acid,  but  there  seems  to  be  no 
direct  relation  between  them.  An  atmosphere  may 
be  offensive  and  yet  comparatively  free  from  bacteria, 
as  in  sewer  gas,  certain  offensive  trades,  railway 
tunnels,  etc. 

(b)  The  dampness  of  surrounding  surfaces.— Air 

over  sandy  soils  contains  more  bacteria  as  a  rule 
than  that  over  damp  clay  soils.  Rain  and  snow 
diminish  the  number  of  organisms  in  air.  It  has 
also  been  proved  that  air  contained  within  a  moist 
perimeter  is  almost  germ-free.  Hence  the  compara- 
tive absence  of  bacteria  in  expired  air  in  ordinary 
quiet  respiration,  though  in  the  act  of  coughing, 
sneezing,  or  shouting  organisms  may  be  present  in 
the  expired  air  (^Fliigge).  Haldane,  Andrewes,  and 
others  have  shown  that  the  same  principle  applies 
in  a  sewer,  the  air  of  which  frequently  contains  fewer 
organisms  than  that  of  outside  air,  the  species  found 
belonging  less  to  the  sewage  than  to  outside  air.  This  is 
also  the  explanation  of  the  retention  of  bacteria  in 
sputum  (the  tubercle  bacillus),  or  excreta  (the  typhoid 
bacillus),  so  long  as  these  materials  remain  moist. 

(c)  The  influence  of  gravity  operates  upon  micro- 
scopic cells  in  the  same  way,  of  course,  as  upon  other 
particulate  matter.  Hence,  fewer  bacteria  are  found 
at  high  altitudes  or  on  the  tops  of  lofty  buildings. 
lUnot  found  from  4  to  11  microbes  per  cubic  metre 
of  air  collected  at  the  summit  of  Mont  Blanc.  Miquel 
found  28  bacteria  per  cubic  metre  on  top  of  the  Pan- 
theon, and  750  at  the  street  level ;  and  Graham 
Smith  found  that  at  the  top  of  the  Clock  Tower 
of  the  Houses  of  Parliament  in  London  there  was 
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only  about  one-third  of  the  nuinljer  of  bacteria 
found  at  ground  level. 

(d)  Seasonal  and  meteorological  conditions  also 
exert  an  influence  upon  the  number  of  bacteria 
found  in  air.  The  seasonal  maximum  in  the  open 
air  seems  to  occur  about  midsummer,  and  the 
minimum  about  the  middle  of  winter,  but  in  ho-si^ital 
wards  and  houses  the  reverse  occui-s,  owing  no  doubt 
to  ventilation.  Air-currents  and  wind,  of  course, 
exert  a  marked  influence,  as  also  do  i^ain  and  snow. 
Direct  sunlight  possesses  considerable  bactericidal 
power,  and  thus  reduces  the  number  of  air  organisms. 

Unlike  the  organic  matter  and  carbonic  acid,  the 
number  of  microbes  in  the  air  of  crowded  rooms 
is  dependent  rather  upon  habitual  ventilation  and 
cleanliness  than  upon  the  conditions  at  the  time  of 
observation.  They  are  not  due,  as  we  have  seen,  to 
resj^iration,  or  as  a  rule  to  want  of  cleanliness  of 
j^ersons  or  clothing,  but  are  derived  from  the  walls, 
ceiling,  and  floor  of  the  room  itself,  especially  if 
these  are  porous  and  absorbent,  and  if  made  to 
vibrate  and  thus  create  dust.  As  to  the  nature  of 
the  microbes  found  in  the  air,  little  that  is  final 
can  be  said.  Their  variety  is  considerable,  and  for 
the  most  part  they  are  saprophytes  and  harmless  to 
man,  but  they  may  include  putrefactive,  suppurative, 
and  intestinal  organisms,  and  the  specific  germs  of 
disease.  Under  exceptional  conditions  bacilli  of 
tubercle,  typhoid  fe-s-er  and  other  diseases  have  been 
isolated  from  air,  and  Gordon  lias  detected  an  "  air 
streptococcus"  and  a  "skin  staphylococcus,"  indicative 
of  filth  and  human  pollution. 

Spores  of  moulds,  though  more  bulky  than  most 
other  air-borne  organisms,  are  less  readily  deposited. 
Other  low  forms  of  organisms  and  pollen  may  also  be 
found,  and  may  be  the  source  of  certain  forms  of 
disease  (hay-fever). 
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Dust. — Aitken  found  the  number  of  dust  parti- 
cles per  cubic  inch  of  air  to  range  from  2,000  in  the 
open  country  to  3,000,000  in  towns,  and  30,000,000 
in  rooms.  Apart  from  living  organisms,  dust  consists 
chiefly  of  mineral  particles,  and  of  formed  or  unformed 
organic  matter  of  vegetable  or  animal  origin,  epithe- 
lium scales,  pollen,  or  particles  of  flax,  wool,  or  cotton. 

Indoor  dust  contains  more  organic  components 
than  that  of  the  open  air,  although  open  tires  add 
largely  to  the  mineral  part.  The  heavier  particles 
subside  readily  in  still  air,  the  lighter  more  slowly, 
but  pi-actically  dej)Osition  is  always  taking  place, 
even  in  closed  rooms  and  spaces,  since  air  carrying- 
dust  is  constantly  passing  in  or  out  through  crevices 
with  variations  of  temperature  and  pressure.  Hence 
the  only  dust-proof  spaces  are  those  which  are  kept 
hermetically  sealed  or  in  which  there  is  provision  for 
free  entry  of  air  through  a  dust-filter,  as,  for  example, 
-:„  closed  bookcase,  the  back  of  which  consists  of  baize, 
or  similar  material. 

llespiration.  —  Respiration  abstracts  oxygen 
from  air  and  adds  carbonic  acid  gas,  water,  organic 
matter,  and  a  little  ammonia.  An  average  adult 
gives  off  about  0'6-0'8  cubic  foot*  of  carbonic  acid 
per  hour,  or  17  litres,  of  which  perhaps  about  one- 
tiftieth  part  is  yielded  by  the  skin  [Regnault). 
Haldane  gives  the  amount  as  0  6  c.  ft.  for  a  man 
at  rest,  and  1-1  during  work.  The  amount  is  less 
in  women,  children,  and  aged  persons,  but  more  in 
animals,  such  as  oxen  or  horses,  which  give  oft'  about 
three  times  as  much  CO3  as  does  man. 

Expired  air,  as  we  have  seen,  contains  about  4-5 
per  cent,  of  carbonic  acid,  and  only  about  16  per 
cent,  of  oxygen.  As  a  rough  average  it  may  be 
stated  that  9-10  oz.  of  watery  vapour  are  given  off 
]jy  the  human  lungs  in  24  hours,  and   20-25  oz. 

*  0-50  dining  sleep  ;  0  78  when  awake.  [PeUenknfer.) 
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by  the  skin.    In  liealfcli,  expired  air  contains  few, 
if  any,  microbes,  but  much  organic  matter.    It  is 
nitrogenous,    oxidizable,    molecular,    and  probably 
exists  in  combination  with  water,  since  it  is  readily 
absoi-bed  by  hygroscopic  objects.    It  is  precipitated 
from  solution  by  silver  nitrate,  blackens  on  ignition, 
reduces  potassium  permanganate,  yields  ammonia  on 
distillation   with   alkaline   permanganate,  and  has 
a  fetid  smell.    Unlike  carbonic  acid,  organic  matter 
diffuses  sluggishly  through  the  air  of  a  room,  and 
is  destroyed  slowly  by  fresh  air.     It  promotes  the 
growth  of  micro-organisms,  in  which  respect  it  appears 
to  differ  from  COo  ;  and  milk,  meat,  or  other  foods 
in  contact  with  it  readily  become  tainted.    The  pro- 
duction per  head  of  both  carbonic  acid  and  organic 
matter  is  increased  after  physical  exercise. 

Combiii^tioii.  —  Coal  when  burnt  gives  off  — 
(1)  carbonic  acid,  together  with  carbonic  oxide  unless 
the  combustion  is  complete ;  (2)  sulphurous  and  sul- 
phuric acids  (1-5  per  cent,  sulphur  exists  in  coal)  ; 
carbon  bisulphide,  ammonium  sulphide,  and  some- 
times sulphuretted  hydrogen;  (3)  water;  (4)  fine 
particles  of  carbon  and  tarry  matter. 

Coal  gas  yields  similar  products,  but  there  is  little 
free  carbon  or  organic  matter.  The  sulphur  in  gas 
should  not  exceed  20  grains  per  100  cubic  feet.  The 
Alkali  Works  Regulation  Act  (1906)  provides  that  not 
more  of  the  acid  gases  of  sulphur  and  nitrogen  than 
the  equivalent  of  4  grains  of  sulphuric  anhydride 
per  cubic  foot  of  aii',  gas,  or  smoke,  must  escape  into 
the  atmosphere.  Wood  yields  little  of  the  sulphur 
compounds.  Oil  and  candles  give  scarcely  any,  but 
they  increase  the  organic  matter  in  the  aii'. 

The  gaseous  products,  especially  carbonic  acid,  are 
rapidly  dififused  by  air-currents;  but  the  suspended 
particles  diflfuse  slowly,  and  are  not  as  a  rule  found 
at  a  greater  elevation  than  600  feet.    Impurity  from 
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the  use  of  illuiniiiaiits  also  pollutes  the  air,  and  at  the 
same  time  exhausts  it.  An  ordinary  bat's-wing  burner 
(16  candle  power),  consuming  5|  cub.  ft.  of  gas  in  one 
hour,  has  been  estimated  to  produce  2 '8  cub.  ft.  of 
COo  and  7 '3  cub.  ft.  of  moisture,  thus  vitiating  the 
atmosphere  to  the  extent  which  five  adults  would  do 
in  respiration.  There  is  also  abstraction  of  oxygen. 
On  the  other  hand,  the  burning  of  gas  may  assist 
ventilation  by  causing  increased  circulation  of  air. 

Impurities  of  air  include  micro-organic  germs, 
organic  effluvia,  fames  and  gases,  and  particulate 
matter  and  dust  (poisonous  or  otherwise)  The  micro- 
organisms present  are  usually  saprophytic,  but  they 
may  be  parasitic  and  even  infective.  Organic  effluvia 
result  from  various  forms  and  degrees  of  fermenta- 
tion and  decomposition.  Of  the  gaseous  impurities 
the  chief  are  COo  and  CO  (derived  from  man  and 
animals,  from  combustion,  and  trade  processes), 
sulphur  gases,  and  ammonia  in  combination  or  free. 
The  particulate  matter  consists  of  organic  and  in- 
organic dust  (spores,  animal  and  vegetable  cells,  coal 
dust,  etc.).  The  organic  matter  present  in  the  ex- 
hausted air  of  rooms  and  of  human  origin  is  prob- 
ably almost  as  injurious  to  persons  inhaling  it  as  the 
actual  diminution  of  oxygen  and  increase  in  COo 
(particularly  that  due  to  respiration  of  animals). 
The  amount  of  organic  matter  is  indicated  (a)  by 
sense  of  smell  of  a  person  coming  in  from  the  fresh 
air,  (b)  by  measuring  the  amount  of  COo  by  analysis, 
(c)  by  direct  estimation  of  the  organic  matter  itself.. 

Exaiiiiiiatioii  of  air.— 1.  Particulate  matter 

and  bacteria  suspended  in  the  air  may  be  collected  for 
microscopic  examination  hy  aspirating  the  air  through,  water  ; 
or  by  allowing  a  jet  of  air  to  pass  into  an  exhaust:  d  receiver 
through  a  fine  aperture,  so  as  to  impinge  upon  glass  smeared 
with  glycerine,  which  arrests  the  particles  (Pouchet's  aero- 
scope)  ;   or  by  aspu-ating  air  through  a  filter  of  powdered 
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sugar,  and,  by  dissolving  away  the  sugar  in  water,  obtain- 
ing the  intercepted  particles  available  for  examination.  By 
measuring  the  volume  of  air  aspirated,  and  counting  tlie 
particles  in  an  aliquot  part  of  the  intercf-pting  material,  these 
methods  can  be  made  quantitative. 

Micro-organisms  will,  for  the  most  part,  escape  detection 
by  Ihis  method,  and,  indeed,  no  means  exist  of  determining 
their  number  with  accuracy.  A  rough  approximation  may 
be  obtained  by  making  a  plate-cultivation  from  the  whole 
(or  an  aliquot  part)  of  the  material  obtained  in  the  manner 
described  above,  and  counting  the  colonies;  but  for  obvious 
reasons  the  result  gives  only  the  number  of  organisms  which 
can  grow  under  on^  set  of  conditions.  Hesse  aspirates  air 
slowly  through  a  wide  horizontal  glass  tube  smeared  on  the 
inside  with  nutrient  gelatine,  the  air  entering  through  a  pin- 
hole at  such  speed  as  to  allow  suspended  particles  to  fall  upon 
the  gelatine.  Sedgwick,  Franklaud,  Petri,  Pasteur,  and  others 
have  adopted  methods  of  filtration  through  sugar,  sand,  etc., 
which  is  subsequently  cultured  in  favourable  media  The 
amount  of  air  examined  is  measured  by  a  syringe  or  aspirator 
of  known  capacity.  Koch  relied  on  exposure  of  plates  of 
gelatine  to  the  air  to  be  examined.  Gordon  prefers  using 
"broth-plates"  in  the  same  way,  with  anaerobic  cultivation 
of  the  broth  at  37"  C.  for  48  hours  with  subsequent  subculture. 
Search  should  be  made  for  streptococci  (as  indices  of  saliva), 
B.  coli  and  B.  cnteritidis  sporogcnes  (as  index  of  recent  and 
non-recent  f;ecal  pollution),  and  B.  nnjcoides  (as  index  of  soil 
con  tarn  i  nation) . 

2.  Organic  matter  in  air  may  be  measured  by  deter- 
mining the  volume  of  air  required  to  decolorize  a  known 
volume  of  a  standard  solution  of  permanganate  of  potash, 
such  as  0-316  grm.  in  1  litre  of  distilled  water.  The  air  may 
be  aspirated  through  the  solution,  or  successive  volumes 
washed  with  the  permanganate,  by  shaking  in  a  bottle  until 
the  solution  is  no  longer  pink  (^Uamellij).  Another  plan  is 
to  aspirate  a  known  large  volume  of  air  through  distilled 
water,  and  then  examine  the  latter  by  Wanklyn's  albuminoid 
■  ammonia  process,  described  subsequently.  In  such  estimations 
it  is  desirable  in  each  case  to  make  control  experiments. 

3  Carbonic  acid.  (1)  Pcttenkofer's  method.— The  solu- 
tions required  are  :  (a)  Pure  lime-water,  saturated  or  nearly 
so  ;  (b)  standard  solution  of  crystallized  oxalic  acid  of  such 
strength  (2-25  grm.  per  litre)  that  1  c.c  exactly  neutralizes 
1  m"-  of  lime,  CaO.    From  the  equation  CaO  +  OOo  =  OhUUs 

=>■  '  56  mg.   Umg.     100  mg. 

it  is  evident  that  1  mg.  of  CaO  takes  ^~  mg.  of  CO..  The 
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volume  of  4-i  nig',  of  CO.,  at  0°G.  and  760  mm.  pressure  is 
4-i 

22  4.  c.c,  so  that  ^,  mg.  =  0-1  c.c.    Hence,  each  c.c.  of  oxalic 

solution  corresponds  to  O'-L  c.c.  of  carbonic  acid,  either  being- 
capable  of  neutralizing  cxa'jtly  1  mg.  of  lime. 

A  wide-mouthed  glass  bottle,  provided  with  a  tight-fitting 
glass  or  rnbber  stopper,  is  also  necessary.  Its  capacity  should 
be  about  five  litres,  and  must  be  determined  accurately. 

The  bottle,  having  been  cleaned  and  dried,  is  filled  with 
sample  air,  either  by  means  of  a  bellows,  or  otlier  dry  method. 
Moisture  is  held  to  invalidate  the  result.  Sixty  c.c.  of 
clear  lime-water  is  put  into  the  bottle,  the  stopper  is  in.serted 
and  the  air  thoroughly  washed  with  lime-water  by  means  of 
vigorous  shaking.  The  carbonic  acid  combines  with  lime 
and  forms  a  milky  precipitate  of  carbonate  of  lime  ;  the  loss  of 
strength  of  the  lime-water  therefore  measures  the  amount  of 
carbonic  acid  present.  After  the  bottle  has  stood  at  rest  for  a 
few  hours,  30  c.c.  of  the  lime-water  is  removed  for  analysis. 
It  is  not  possible  to  collect  the  whole  of  the  60  c.c,  nor  would 
there  be  any  advantage  in  doing  so. 

It  only  remains  to  determine  by  means  of  the  oxalic  solution 
the  amount  of  lime  i^reseut  in  the  lime-water  before  and  after 
the  process,  and  from  the  loss  to  calculate  the  ])roportion  of  car- 
bonic acid  in  the  known  volume  of  sample  air.  The  deter- 
mination of  the  "  causticity  "  of  the  lime-water  (that  is,  the 
amount  of  caustic  lime  it  contains;  is  made  by  a  simple  process 
of  alkalimetry.  Oxalic  solution  is  dropped  from  a  graduated 
burette  into  a  measured  quantity  (30  c.c.)  of  lime-water,  until 
the  exact  point  of  neutralization  is  reached.  Several  "indi- 
cators "  are  available  for  the  recognition  of  this  point.  If  a 
drop  of  the  lime-water  is  removed  from  time  to  time  and 
put  upon  turmeric  paper,  it  will  give  a  brown  stain  as  long 
as  any  caustic  lime  remains  unneutralized,  but  none  when 
the  neutralization  is  complete.  A  still  simpler  indication  is 
obtained  by  adding  to  the  lime-water  a  few  drops  of  a  solution 
of  "  phenol-phthalein,"  which  is  decolorized  as  soon  as  all  the 
lime  is  neutralized. 

Example.— The  capacity  of  the  bottle  is  4,840  c.c,  and  30 
c.c.  of  lime-water  take  respectively  38  and  31  c.c  of  oxalic 
solution  before  and  after  the  process. 

The  volume  of  air  is  4,840  c.c  -60  c.c.  =4,780  c.c.  Since 
30  c.c  lost  7  mg.  of  lime,  the  60  c  c.  emj)loyed  lost  14  mg., 
and  from  data  already  given  this  corresponds  to  14x0-4  =  5'6 
c.c.  of  carbonic  acid.  Hence,  the  sample  air  contained  (by 
volume)  5-6  parts  of  carbonic  acid  in  4,780  of  air,  or  117  per 
thousand. 
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Corrections  must  he  made  if  the  temperature  deviates 
matoriall}'^  from  32°  F,,  or  the  barometric  pressure  from 
30  inches  of  mercury.  One  per  cent,  should  be  added  to  the 
result  for  every  5°  above  32°  F.    It  the  barometric  readinj^ 

30 

is  u,  the  result  must  be  multiplied  by  — .     Thus,  if  in  the 

above  example  the  temperature    were    72°    F.,  and  the 
pressure  29-2  inches,  the  corrections  would  be  as  follows: — 
1 08  30 

■^^^  ^  100  ^  29^  ~  1  "3  part  of  carbonic  acid  per  thousand. 

(2)  Haldane''s  method. — A  method  has  been  devised  by 
Haldane  for  determining  COo  without  using  collecting  jars, 
etc.  He  adapts  a  gas  analysis  ajiparatus  consisting  of  a 
burette  with  a  wide  ungraduated  portion  and  a  narrow  portion 
graduated  in  divisions  of  riritriy  P^^'t  of  the  capacity  of  the 
burette.  This  is  enclosed  in  a  water  jacket,  and  a  control  tube 
is  used  to  correct  for  variations  of  temperature.  The  jn-essures 
under  which  the  readings  are  made  are  found  to  be  the  same, 
before  and  after  absorption,  by  measuring  the  level  of  the 
potash  solution  in  the  narrow  tube.  The  graduated  burette 
allows  of  25  c.c.  of  air  to  be  admitted  for  examination. 
Having  collected  the  amount  of  air  the  CO2  is  absorbed  in 
the  caustic  potash  solution.  After  complete  abstraction  of 
CO 2  the  volume  of  the  air  is  again  read  off  at  the  same 
temperature  and  pressure.  The  difference  between  the  two 
readings  gives  the  result  in  volumes  of  CO,  per  10,000  of  air. 

(3)  Angus  Smith'' s  mini.metric  method  or  '■^  household^''  test. 
— A  certain  amount  of  carbonic  acid  is  needed  in  order  to 
produce  a  cloud  in  a  given  volume  of  lime-water.  The  volume 
of  lime-water  being  constant,  the  volume  of  air  necessary  to 
give  a  visible  precipitate  affords  a  simple  inverse  measm-e  of 
the  carbonic  acid  it  contains.  Half  an  ounce  of  clear  lime- 
water  is  placed  in  each  of  a  series  of  stoppered  bottles  of 
different  sizes,  and  well  shaken.  The  smallest  bottle  which  shows 
any  cloudiness  indicates  the  proportion  of  carbonic  acid  present 
in  the  sample  air,  according  to  the  following  empirical  scale  : — 

A  ppfc.   in   a)  f  c.c.  capacity  indicates  the  ■)  f,.,   (  parts  COa 

bottle  of     J  t        presence  of  at  least       }  \  per  1,000 

356  „  ,,  0-5 

299  „  ,,  0-6 

„               259  „  „  0-7 

228  „  „  0-S 

204  „  „  0-9 

185  „  „  1-0 

157  „  „  1-2 

128  „  „  1-5 

100  „  .  2-0 
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Adopting  0-6  per  1,000  as  the  permissible  limit  of  carbonic 
acid,  there  should  be  no  precipitate  when  half  an  ounce  of  lime- 
water  is  shaken  in  a  bottle  of  300  c.c.  or  10|  oz.  capacity. 
The  method  is  not  very  satisfactory  or  accurate. 

4.  Carbonic  oxide  may  be  determined  quantitatively  by 
eudiometry,  or  by  exposing  a  measured  volume  of  air  to  a 
solution  of  cuprous  chloride,  which  absorbs  this  gas.  The 
loss  in  volume  shows  the  amount  of  carbonic  oxide  present. 
On  passing  CO  through  palladium  chloride  solution  a  black 
precipitate  of  carbon  is  formed.  Its  presence  may  also  be 
determined  by  Vogel's  blood-test  with  the  spectroscope.  A 
caged  mouse  is  affected  in  1|  minutes  by  air  containing  0*4  per 
cent,  of  CO,  and  this  maybe  used  as  a  sensitive  test  {H ahlane). 

5.  Oxygen  is  determined  quantitatively  by  exposing  a 
measured  volume  of  air  to  a  solution  of  alkaline  potassium 
pyrogallate,  which  absorbs  the  oxygen.  The  analysis  may  be 
conveniently  made  in  a  graduated  glass  tube  inverted  over  a 
mercurial  trough  ;  the  tube  having  been  filled  with  air,  the 
pyrogallate  solution  is  passed  up  into  it  through  the  mercury. 
All  the  readings  must  be  taken  at  the  same  pressure.  Oxygen 
may  also  be  determined  by  a  Hempel  burette  and  pipette, 
using  phosphorus  as  the  absorbent. 

6.  Ozone  is  detected  by  its  action  upon  potassium  iodide. 

Strips  of  porous  paper  are  steeped  in  a  solution  containing 

starch  and  potassium  iodide,  and  then  dried.    These  are  exposed 

for  a  definite  period  to  the  air,  care  being  taken  to  exclude 

sun  and  rain.    Ozone  causes  a  blue  tint,  the  intensity  of  which 

is  taken  as  indicating  the  amount  of  ozone,  according  to  a 

standaid  scale  of   tints;*  the  ozone  liberates   iodine  from 

the  potassium  iodide,  and  the  iodide  strikes  a  blue  colour 

with  the  starch.    Neutral  litmus  and  pure  potassium  iodide 

may_  also  be  used.     This  paper  is  coloured  blue  at  once 

by  air  containing  ^xr.Voo  of  its  weight  of  ozone,  and  slightly 

blue  by  from  0-0002  to  0-0003  mg.  of  ozone.  Wursters 

reagent  (tetramethyl-paraphcnylene-diamine)  may  be  similarly 
used. 

7.  Animonia  may  be  collected  hy  aspirating  a  known 
volume  of  air  through  distilled  water,  and  then  cletermined 
(quantitatively  as  well  as  qualitatively)  by  Nesslerizing  (p.  82). 

8.  Niti'Og-en  is  determined  with  sulficient  accuracy  as  the 

*  For  several  reasons  this  lest  is  lield  to  bo  inexact.    The  chief  are  (1) 
that  chlorine  and  nitrogen  tetroxide,  as  well  as  ozone,  give  the  re- 
action; (2)  that  tlie  conditions  of  exposure  are  not  unilorni-li.dit  wind 
Imimdity,  and  temperature  all  vary,  and  all  allect  the  reaction^;  and  (S) 
tliat  some  of  the  lilieraled  iodine  is  volatilized,  and  some  reacts  a^aii 
npon  the  potash  to  form  inert  iodide  and  iodate. 
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residuo  loft  when  oxygen  ia  removed  by  pyrogallate  solution. 
The  proportions  of  other  gases  are  so  small  that  their  retention 
does  not  materially  affect  the  determination  of  nitrogen. 

9.  Water,  or  rather  aqueous  vapour  in  air,  may  be 
measured  by  the  hygrometer,  by  the  spectroscope,  or  volu- 
nietrically  by  its  absorption  by  sulphuric  acid,  chloride  of 
calcium,  etc. 

it  may  be  necessary  occasionally  to  test  for  sulphuretted 
hydrogen,  or  ior  mineral  acids  due  to  chemical  manufacturing 
processes.  The  former  is  detected  by  exposing  strips  of  porous 
paper  moistened  with  a  solution  of  lead  acetate,  and  noting 
the  black  colour  due  to  formation  of  lead  sulphide.  Free 
mineral  acids  will  redden  moist  blue  litmus  paper;  and  may  be 
obtained  for  chemical  analysis  by  aspirating  the  air  through 
distilled  water  or  solution  of  caustic  potash. 


CHAPTER  II 


METEOROLOGY 

The  principal  climatic  phenomena  requiring  sys- 
tematic record  are  the  temperature  of  the  air,  atmos- 
pheric humidity,  atmospheric  pressure,  movements  of 
the  air,  rainfall  and  climate. 

1.  Tcinporatiirc  varies  constantly  in  regard 
both  to  space  and  time,  so  that  the  reading  at  any  one 
time  or  in  any  one  place  has  only  a  limited  signifi- 
cance. Maximum  and  minimum  registering  thermo- 
meters are  required  for  systematic  record. 

The  maximK/n  thennomcter  has  a  mercurial  column,  a 
detached  portion  of  which  serves  as  an  index,  beina-  either 
permanently  separated  from  the  rest  by  a  minute  bubble  of  air 
(Ir'hiUips),  or  else  detached  afresh  each  time  by  means  of  a 
constriction  near  the  bulb  (Negretti),  which  allows  the 
expanding,  mercury  to  pass,  but  renders  the  cohesion  of  the 
metal  msiifficicnt  to  draw  it  back  upon  cooling.  The  ther- 
mometer is  kept  horizontal,  and  the  index  is  shaken  back  after 
each  readmg,  ready  for  a  new  observation. 

aloohnl"  (Rutherford's)  contains  coloured 

a  nrl       rl  «  ^^^le  metal  rod  included  in  the  column, 

and  IS  drawn  back  by  capillary  attraction  as  the  column 
contracts,  but  allows  the  alcohol  to  flow  past  it  when  expanding 
To  set  he  instnimont,  tis  only  necessary  partially  to  inveft 

then  replaced  in  the  horizontal  position. 

instruments  are  read  once  daily,  say  at 
y.U  a  m.,  they  indicate  respectively  the  highest  and 
lowest -temperatures  attained  during  the  previous  24 
hours,  irrespective  of  the  time  of  occurrence 

i;^^o   sets   of  instruments    are   used,   one  for 
Hhade    temperatures,  i.e.  the  temperature  of  the  air 
it.elf,  the  other  for  "radiation"  temperatures  with 
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free  exposure  to  the  sun.*  Thus  are  obtained,  for 
each  day,  shade  maximum,  shade  minimum,  sun 
maximum,  gi-ass  minimum  ;  and  from,  these  may  be 
recorded  the  daily,  weekly,  monthly,  or  yearly  ranges, 
both  in  shade  and  with  free  radiation. 

The  mean  temperature  of  the  day  is  calculated — 
(«)  By  taking  the  mean  of  the  maximum  and 
minirau.m  recorded  temperatures.    This  is  correct  only 
in  winter ;  at  midsummer  it  is  often  more  than  2^  too 
high. 

(b)  By  taking  the  mean  of  two  readings  at  twelve- 
hour  intervals  :  e.g.  9.0  a.m.  and  9.0  p.m. 

(c)  By  using  the  Kaentz-Lloyd  formula :  Min.  + 
(max. — min.)  x  041  =  mean  temperature. 

(d)  By  taking  hourly  readings,  or  a  continuous 
record,  by  means  of  photography.  The  mean  of  these 
is  the  ti^ue  mean  temperature  of  the  day. 

The  weekly,  monthly,  and  annual  means  are  the 
averages  of  the  daily  means.  Taking  the  average  of  a 
number  of  years,  the  daily  minimum  occurs  at  about 
4.0  a.m.,  the  maximum  at  2.0  p.m.  The  annual 
extremes  are  in  July  and  J anuary  respectively. 

Proximity  to  the  sea  lessens  the  range  of  tem- 
perature and  moderates  its  extremes,  water  having 
(as  compared  with  land)  a  high  capacity  for  heat, 
but  being  slow  to  radiate  or  absorb  it,.  Elevation 
lowers  the  temperature,  by  facilitating  radiation. 
The  influence  of  latitude,  of  winds  and  ocean  cur- 
rents, and  of  aspect  and  exposure,  is  obvious.  Some 
soils  are  "hot" — dry  sands  and  hard  rocks,  for 
example — while  moist  clayey  soils  are  "cold."  A 
surface  covered  with  vegetation  radiates  much  more 
rapidly  than  bare  earth  ;  at  night  a  grass  field  is  colder 

The  former  are  placed  in  a  lou\a-cil  wooden  box,  four  feet  above  the 
cround  The  "sun  maximum  "  thermometer  also  is  placed  four  feet  above 
tlic  "round  ;  it  has  a  bla(^kcned  bulb,  whicli  is  enclosed  in  a  second  glass 
bulb  exhausted  of  air.  The  covrespouding  minimum  instrument  is  sup- 
ported upon  a  little  wooden  tripod,  close  to  tlie  ground. 
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tlian  a  road.  The  radiation  thermometers  are  affected 
principally  by  the  degree  of  sunshine  and  the  humidity 
of  the  atmosphere.*  Equality  of  temperature  is  de- 
noted on  maps  by  means  of  isothermal  lines,  which 
broadly  follow  an  east-and-  west  course.  The  mean  tem- 
perature of  Plymouth  is  51-4°  F.,  of  London  504°  F., 
of  Edinburgh  il'V  F.,  and  of  Aberdeen  46-4°  F. 


Fig.  1.— Campbell-Stokes'  sunshine  recorder. 

Earth  temperature— that  is,  the  temperature 
of  the  soil  at  fixed  dej^ths— is  more  uniform  and  less 
diurnally  variable   than   atmospheric  temperature. 

*  Tlie  duration  ami  intensity  of  sunshine  are  recorded  by  Campbell- 
btnkes  or  Jordan's  apijaratus.  Tlic  former  consists  essentially  of  a  glass 
sphere,  which  acts  as  a  lens,  and  brings  the  rays  to  a  focus  at  successive 
pcuits  upon  a  curved  sheet  of  paper  placed  at  the  right  distance.  A  burnt 
track  IS  thus  described  for  such  timeas  brisht  sunshine  continues.  Jordan's 
sunshine  recorder  is  a  small  flat  circular  box.  The  sunshine  is  admitted 
through  a  slit,  and  impinges  upon  sensitized  paper,  leaving  a  varviii"- 
photographic  record  (,f  its  duration  and  iuteusitv.  In  eithe?-  apparatus 
the  papers  must  be  renewed  daily,  and  iu  the  latter  the  sensitized  paper 
must  be  lixed  by  immersing  it  iu  water.  /soMs  are  lines  deiiotiug 
equal  degrees  ol  bright  sunshine.  The  average  number  of  honrs  of  bricdit 
siins^^^iine  in  the  nnUsh  Islands  is  about  1,400  per  annum  ;  iu  niid-Europe, 
1,800  in  Ita  y  2,m)  ;  and  in  Spain,  about  3,000.  Isonephs  are  linos 
denoting  equal  cloudiness.  ' 
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According  to  Ballard,  when  the  temperature  at  4  feet 
reaches  56'' F.,  infantile  diarrhoea  may  be  expected 
to  become  epidemic.  Earth  temperature,  which  is 
measured  by  Symonds'  earth  thermometer,  varies 
but  little,  proportionately,  from  surface  tempei'ature, 
except  that  it  is  much  more  sluggish  in  variation. 
At  24  feet  of  depth,  howevei-,  it  is  almost  the  reverse 
of  surface  temperature,  being  highest  in  winter  and 
lowest  in  summer  (Forbes).  Below  40  feet  there  is 
little  annual  variation  in  the  temperature  of  the  soil. 

2.  Atmospheric  liumidity  involves  rather 
complex  considerations.  Water  evaporates  into  dry 
air,  as  into  a  vacuum,  but  the  volume  of  the  resulting 
moist  air  is  greater  than  th;it  of  the  original  dry  air. 
For  example,  a  cubic  foot  of  dry  air  at  60°  F.  weiglis 
536-3  gr.,  and  is  capable  of  taking  up  5-77  gr.  of 
water ;  the  product,  however,  is  not  1  cubic  foot  of 
moistair,  weighing  542-1  gr.,  but  1  -0176  cubic  foot,  and 
a  cubic  foot  of  the  same  moist  air  weighs  only  532*7 
gr.  At  32°  F.  a  cubic  foot  of  dry  air  can  take  up  only 
2-13  gr.  of  water ;  at  80°  F.  it  can  take  up  10-98  gr. 
Further,  the  capacity  for  moisture  increases  with  the 
temperature,  but  much  more  rapidly. 

Indeed,  it  may  almost  be  said  that,  comparing 
temperatures  which  increase  in  arithmetic  progres- 
sion, the  capacity  of  dry  air  for  moisture  at  those 
temperatures  increases  in  geometric  progression. 
Taking  0°  F.  as  a  starting-point,  the  capacity  for 
moistui'e  (in  other  words,  the  weight  of  a  cubic  foot  of 
aqueous  vapour)  doubles  with  successive  increments 
of  temperature,  not  departing  greatly  from  an  arith- 
metic series. 

Temperature  (F.).  Weiglit  of  a  cubic  foot 

of  vapour. 

0°  0  -55  gr. 

16°  1-0!)  „ 

33°  1-21  ,, 

52°  4-39  ., 

73°  S-32  „ 

96°  17-68  „ 
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As  a  rule,  the  water  present  in  air  is  only  about  70  or 
75  per  cent,  of  the  amount 
required  for  saturation,  but 
if  the  air  is  cooled  the  same 
quantity  of  aqueous  vapour 
may  suffice  to  satui'ate  it;  and 
if  the  cooling  is  carried  further 
some  of  the  water  will  be  pre- 
cipitated as  mist  or  dew.  It 
will  be  understood,  therefore, 
that,  however  dry  the  air 
may  be.  it  always  contains  a 
certain  proportion  of  water, 
and  if  cooled  to  a  certain 
temperature  will  be  "  satura- 
ted "  by  that  moisture ;  this 
temperature  is  called  the  deiv- 
point.  "  Super-saturated  "  air 
deposits  its  moisture  only  upon  solid  surfaces,  and 
this  is  the  cause  of  mists  and  foes.* 

Humidity  is  measured  by  hygrometers  of  various 
kinds. 


Fig.  2. — Danieil's  hygrometer. 


DanieWs  (Fig.  2),  now  rarely  used,  consists  of  two  dependent 
glass  bulbs,  connected  by  a  tube  bent  twice  at  right  angles.  One 
bulb  is  of  black  glass,  and  contains  a  thermometer,  the  stem  of 
which  is  visible  in  the  tube  above ;  the  other  bulb  is  covered 
with  linen.  Both  bulbs  contain  ether.  A  little  ether  is  dropped 
on  the  hnen  coating,  and  by  its  evaporation  lowers  the  tem- 
perature of  that  bulb,  so  that  ether  distils  over  from  the 

*  Fi>g  is  formed  by  the  condensation  of  watery  vapour  on  dust 
particles  suspended  in  the  air,  whieh  afford  "free  surfaces"  on  which 
condeiisation  can  occur.  iSuch  atmospheric  dust  pi  obably  consists  of  fine 
salt  dust  from  the  sea,  meteoric  dust,  condensed  gases,  combustion  dust 
and  particulate  organic  and  inorganic  matter.  Aitken  holds  that  the 
earth  s  atmosphere  is  greatly  polluted  with  dust,  produced  by  human 
agency,  rismg  by  heated  strata  of  the  air,  and  forming  the  "  free  surface  " 
for  condensation,  even  though  the  air  be  not  saturated.  The  higher  the 
humidity  and  the  higher  the  vapour  tension,  when  the  air  is  not  satumted 
the  greater  is  the  amount  of  moisture  held  by  the  dust  particles.  Town 
uSsJ.nrSrSr"''^'  ""^      l-'^^<^'y  constituted  of  particles  of 


22 


METEOROLOGY 


[chap. 


l)lacl<ened  bulb.  This  causes  the  temperature  of  the  latter  to 
fall ;  us  soon  as  it  sinks  to  the  dew-point  the  black  surface  is 
dulled  by  deposit  of  atmospheric  vapour,  and  this  temperature 
is  instantly  read  off  by  means  of  the  contained  thermometer. 

RerjnaicWs  is  somewhat  similar,  but  the  black  bulb  is 
replaced  by  a  more  sensitive  bright  silver  cup,  and  the  distilla- 
tion is  brought  about  more  conveniently  and  rapidly  by  means 
of  aspiration  of  air  through  the  ether. 


Fig.  3. — Dines'  hygrometer. 


Dines'  (Fig.  3)  consists  of  a'plate  of  black  glass,  covering  a 
small  chamber  containing  the  bulb  of  a  thermometer.  Cold 
water  is  passed  through  this  chamber  until  the  dew-point  is 
reached  and  the  glass  becomes  dull ;  the  current  is  then  stopped, 
the  temperature  gradually  rises,  and  the  thermometer  is  read 
at  the  moment  when  the  cloud  disappears.  The  mean  of  the 
two  readings  is  taken  and  the  dew-point  thus  determined. 

Sausmre's,  which  has  the  advantage  of  giving  the  relative 
humidity  directl)',  consists  of  a  human  hair,  fixed  at  one  end 
and  stretched  by  a  light  -weight  attached  to  the  other.  It 
passes  round  a  movable  axis  which  carries  a  finger  pointing  to 
a  graduated  arc.  The  hair,  which  must  be  uninjured  and  free 
from  oil,  elongates  with  moisture  and  contracts  as  it  becomes 
dry  ;  and  in  so  doing  rotates  the  axis  and  the  indicator.  The 
instrument  has  to  be  graduated  empirically  by  exposing  it  first 
to  perfectly  dry  air,  and  then  to  air  saturated  with  moisture, 
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and  making  the  respective  positions  of  tlie  index  the  0  and  100 
points  upon  the  graduated  scale. 


Tlie  tvet  and  dry  hidb  hygrometer  (Fig.  4)  is  usually 
employed.  Two  ordiuary  thermometers  are  fixed  side 
by  side,  one  of 
them  havino; 
its  bulb  covered 
with  muslin, 
kept  wet  with 
distilled  water; 
a  tail  of  the 
mu.slin  dips 
into  a  vessel 
of  water  so  as 
to  make  good 
the  loss  by 
e  V  a  p  o  r  a  tion. 
If  the  air  is 
saturated  with 
moisture,  no 
evapora  tion 
takes  place,  and 
the  two  ther- 
mometers give 
the  same  read- 
ing. If  it  is 
not  saturated, 
evaporation 
lowers  the  tem- 
pei^ature  of  the 
wet  bulb. 

From  the 
wet    and  dry 
bulb  readings 
the  detv-point  can  be  calculated,  and  from  the  dew-point 
the  weight  of  water  present  in  the  air.    The  dew-point 


Fig.  4. — Wet  and  dry  bulb  hygrometer. 
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is  determined  by  calculation,*  or,  more  conveniently, 
by  reference  to  Glaisher's  Tables,!  in  whicli  the  results 
are  given  for  all  ordinary  values  of  both  readings. 
The  dew-point  being  known,  the  next  step  is  to  find  the 
relative  humidity  of  the  air,  which  is  that  proportion 
of  the  total  possible  amount  of  aqueous  vapour  which 
the  atmosphere  at  a  given  temperature  actually 
holds.  This  is  always  expressed  as  the  percentage  of 
total  saturation.  For  this  purpose  reference  is  made 
to  hygrometric  tables,  giving  the  weight  of  a  cubic 
foot  of  vapour  at  each  temperature ;  and  the  relative 
humidity  = 

 weight  of  cubic  foot  of  vapour  at  tlie  dew-poin t 

weiglit  of  cubic  foot  of  vapour  at  di-y-bulb  temperature  ^ 

since  the  numerator  is  the  weight  actually  present, 
and  the  denominator  the  weight  which  is  required  for 
complete  saturation  at  the  dry-bulb  temperature. 

In  practice  none  of  these  calculations  is  neces- 
sary, since  Glaisher's  Tables  give  the  relative  humidity 
corresponding  to  all  ordinary  readings  of  the  wet 
and  dry  bulb  thermometers.  This  is  by  far  the  most 
important  hygrometric  datum,  the  absolute  weight 
or  tension  of  vapour  present,  and  even  the  dew-pomt, 
being  of  minor  interest.  The  relative  humidity  is  an 
inverse  measure  of  the  drying  effect  of  air.  The 
capacity  for  taking  up  moisture  increases  with  the 
temperature,  but  far  more  rapidly,  so  that  the  mere 
difference  between  the  dew-point  and  the  air  tempera- 
ture is  no  criterion  of  the  humidity. 

Aqueous  vapour  intercepts  some  of  the  sun's  lumi- 

*  By  the  use  of  Apjohn's  Formula,  /"  =  /'  -  ^zl,  ivliere  t  ami  f  are 

8/ 

the  dry  and  wet  bulb  readings  respectively,/'  the  elastic  tension  of  vapour 
corresponding  tot'  (as  ascertained  from  a  table  of  tensions),  and  J"  the 
tension  of  vapour  at  the  dew-point.  Having  thus  found  the  value  of  /", 
the  temperature  corresponding  to  it  in  a  table  of  tensions  is  the  dew-point. 

t  Based  upon  the  "Greenwich  Factors,"  or  "Glaisher's  Factors,"  a 
different  factor  being  emiiloycd  for  eiich  tenii  erature.  If  D  is  the  factor 
corresponding  to  the  dry  bulb  temperature,  the  dew-point  is  « -  D  (<  - 1  ). 
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nous  rays,  and  very  greatly  imj)ecles  the  radiation 
of  non-luminous  rays  from  the  surface  of  the  earth 
into  space.  Hence  the  difference  between  the  sun- 
maximum  and  grass-minimum  temperatures  is  chiefly 
dependent  upon  the  humidity.  The  intensity  of 
radiation  at  liigh  altitudes  is  largely  due  to  the 
absence  of  aqueous  vapour. 

Humidity  comes  into  question  also  in  connexion 
with  ventilation,  the  aim  being  to  keep  the  air  of 
rooms  as  near  as  practicable  to  the  accepted  optiimim, 
namely.  70  per  cent  of  saturation.  Hence  in  heating  by 
convection  it  is  desirable  to  moisten  the  air,  and  for 
certain  trade  processes  in  which  air  is  steamed  limits 
of  relative  humidity  are  iuiposed  by  law. 

Evaporation  from  moist  surfaces  is  affected  by 
the  temperature  of  the  water,  the  temperature  of  the 
air,  the  humidity  of  the  air,  and  the  wind.  It  is  more 
rapid  from  moist  soil  than  from  water ;  and  deep- 
rooted  crops,  such  as  wheat,  dry  the  soil  to  a  greater 
depth  than  grass.  No  satisfactory  instrument  (atmo- 
meter)  has  been  devised  for  measuring  evaporation, 
owing  to  the  difficulty  of  excluding  rainfall  while 
allowing  free  exposure.  A  rough  estimate  may  be 
obtained  by  exposing  a  measured  volume  of  water  in 
an  open  dish  of  known  area,  and  deducting  from  the 
final  measurement  the  ascertained  rainfall."^  Another 
plan  IS  to  shelter  the  atmometer  from  rain  by  a  cover, 
but  this  necessarily  lessens  the  evaporation.  A  third 
is  to  use  an  index  evaporation  gauge  (Negretti). 
Symons  found  that  at  Lea  Bridge  the  mean  annual 
evaporation  per  square  inch  of  water-surface  was  21 
inches,  tlie  rainfall  being  25  inches.  In  exceptionally 
dry  years  it  exceeds  the  rainfall. 

3.  Atmospheric  pressure  is  exerted  equally 
in  all  directions  at  the  same  level,  but  on  account  of 
the  compressibility  of  gaseous  bodies  the  lower  levels 
of  a  high  column  are  denser  than  the  higher.  Air- 
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pressure  is  measured  by  barometers.  Mercurial 
barometers  consist  essentially  of  a  glass  tube  some 
3G  inches  long  filled  with  mercury,  and  then  in- 
verted over  a  mercurial  trough.  The  tube  being 
vertical,  the  mercury  sinks  until  the  column  is  of 
just  sufficient  height  to  balance  the  atmospheric 
pressure  acting  upon  the  free  surface  of  the  mercury 
in  the  trough.  The  vertical  distance  between  the 
two  mercurial  surfaces  exactly  measures  the  pressure 
of  the  atmosphere  in  terms  of  mercury.  The  level 
of  the  top  of  the  column  is  read  off  against  a  fixed 
scale,  but  as  the  level  of  the  mercury  in  the  cistern 
also  changes  slightly  with  every  change  of  pressure, 
it  is  necessary  to  take  this  into  account. 

In  Fortin's  barometer  the  cistern  has  a  leather  bottom, 
which  can  be  raised  or  lowered  by  means  of  a  fine  screw,  until 
the  surface  just  touches  a  fixed  ivory  point.  After  this  ad- 
justment of  the  cistern  to  a  conslant  standard  level,  the  upper 
level  is  read  upon  a  scale  marked  upon  the  casing  of  the  tube. 

In  the  Kew  barometer  the  necessity  for  the  adjustment  is 
obviated  by  graduating  the  scale  in  nominal  inches,  which  are 
shorter  than  true  inches,  and  exactly  correspond  to  the  dis- 
placement caused  bj'  a  change  of  pressure  to  the  extent  nf  one 
inch  of  mercury.  A  single  reading  therefore  gives  the  true 
vertical  height  of  the  column. 

In  the  siphon  barometer  the  cistern  is  dispensed  wdth,  and 
the  tube  is  of  U  shape,  one  arm  being  short  and  open  at  the 
end.  Both  levels  are  read  upon  a  scale.  The  movement  in 
either  arm  is  little  more  than  half  that  occurring  in  a  cistern 
barometer. 

The  ordinary  wheel-barometer  is  a  siphon  barometer,  the 
movements  being  transmitted  by  a  string  from  a  float  upon 
the  mercury  in  the  open  tube  to  an  axis  which  carries  a  long 
finger  like  that  of  a  clock. 

Greater  accuracy  in  the  reading  is  obtained  by  the  use  of 
the  "vernier,"  a  small  movable  scale  which  slides  upon 
the  principal  scale  (Fig.  5).  If  the  barometer  is  graduated 
to  ^V-inch  divisions  the  Yernier  can  be  so  graduated  that 
25  of  its  divisions  correspond  to  24  of  those  upon  the  other 
scale,  and  each  division  is  therefore  only  4*  of  the  length  of 
the  standard  divisions.    With  sub-graduation  the  vernier  will 
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bhow  differences  of  of  Tj'g,  i.e.  0-002,  or 
a  reading  is  to  be  taken,  the  lowest  mar 
is  accurately  adjusted  against  the  top 
of  the  mercurial  column.  If  this  level 
exactly  corresponds  with  one  of  the 
divisions  of  the  principal  scale,  the  ver- 
nier correction  is  not  needed ;  its  lowest 
mark  will  coincide  with  the  mark  on  the 
scale.  If,  however,  the  level  of  the 
mercury  does  not  exactly  coincide  with 
a  scale  division,  the  vernier  helps  us  to 
measure  more  accurately  than  is  other- 
wise possible  the  fractional  excess  over 
the  next  division  below.  For  this  pur- 
pose we  must  follow  the  vernier  scale 
upwards  until  we  come  to  a  mark  upon 
it  which  corresponds  more  closely  than 
any  other  to  one  on  the  fixed  scale ; 
calling  this  the  xth.  mark,  the  correct 
reading  is  O-Ot  2  X  ^  inch  alaove  the  scale 
mark  next  below  the  mercury  level.  For 
example,  the  mercury  stands  above  29-85, 
but  below  29-90,  as  read  on  the  fixed 
vscale,  and  upon  inspection  it  is  found 
that  the  sixth  vernier  division  corresponds 
with  a  division  of  the  fixed  scale.  This 
shows  that  the  fractional  excess  above 
29-85  is  6  X  0-002,  or  0-012  inch,  and 
the  true  reading  is  therefore  29-862  inches. 
Had  the  20  th  division  of  the  vernier  been 
the  one  which  coincided  with  a  fixed 
scale  mark,  the  fraction  would  have  a 
greater  value,  20  X  0-002  ==  0-04  inch, 
and  the  barometric  reading  would  be 
29-89  inches.  A  little  consideration  will 
make  it  clear  that  as  compared  to  scale 
divisions  we  lose  0-002  inch  for  every 
veniier  division  as  we  follow  the  marks 
upwards,  until  we  have  lost  all  the  frac- 
tional excess  over  the  29-85  mark  ;  and  then  the  marks  on  the 
two  scales  will  correspond. 
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Fig.  5. — Barometer 
scale  and  vernier, 
showing  a  reading 
of29'85  +  18x0'002 
=29-886  inches. 


The  reading  having  been  accurately  taken  with 
tlie  aid  of  the  vernier,  it  remains  to  apply  certain 
corrections  : — 
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(1)  For  '•index  error" — i.e.  inaccuracies  in  tlie 
scale. 

(2)  For  "  capacity  " — i.e.  for  the  change  in  tlie 
cistern  level,  unless  this  is  allowed  for  as  already 
described.  Practically,  this  correction  is  never  called 
for  in  good  modern  barometers. 

(3)  For  "  capillarity,"  which  tends  to  depress  the 
column  slightly. 

These  three  corrections  are  special  to  each  instru- 
ment, and  Kew  certificates  give  for  each  half-inch 
a  correction  comprising  them  all. 

(4)  For  temperature,  which  affects  the  mercury, 
and  also  the  brass  or  other  scale.  All  readings  are 
reduced  to  32°  F.  by  means  of  a  table  giving  cor- 
rections for  each  temperature. 

(5)  For  elevation.  It  is  customary  to  reduce 
all  readings  to  sea-level,  i.e.  the  mean  half-tide  level 
at  Liverpool.  For  this  purpose  it  is  necessary  to 
know  the  exact  height  of  the  station  and  to  refer 
to  a  table  of  corrections.  Roughly  speaking,  the 
correction  is  about  1  inch  for  every  1,000  feet. 

Owing  to  the  high  specific  gravity  of  mercury,  13-5, 
a  column  of  about  30  inches  in  height  balances  the 
atmospheric  pressure,  and  there  is  the  further  advan- 
tage that  the  vapour-tension  in  the  Torricellian  vacuum 
above  the  mercurial  column  is  trifling.  The  density 
of  mercury,  however,  renders  the  range  of  move- 
ment under  varying  atmospheric  pressures  small,  and 
other  liquids  have  been  employed  in  order  to  secure 
greater  sensitiveness  of  indication.  J ordan's  glycerine 
barometer  is  the  most  important  of  these ;  glycei'ine 
has  a  specific  gravity  of  1-26,  and  a  column  of 
27  feet  would  about  balance  a  mercurial  column  of 
30  inches.  A  fall  of  1  inch  of  mercury  is  represented 
by  a  fall  of  10-7  inches  of  glycerine,  and  the  latter  is 
therefore  far  more  sensitive.  Water  barometers  have 
also  been  constructed,  a  column  of  34  feet  being 
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required  to  balance  30  inches  of  mercury.  These 
instruments  are,  of  course,  still  more  sensitive,  and 
magnify  the  mercurial  reading  13 '5  times;  but,  in 
addition  to  the  disadvantage  of  their  height,  the 
vapour  tension  in  the  vacuum  is  a  source  of  error  that 
varies  with  the  temperature. 

Aneroid  barometers  dispense  entirely  with  liquids, 
and  measure  the  barometric  pressure  by  means  of  the 
elasticity  of  metal.  A  small  air-tight  metallic  box  is 
(nearly)  exhausted  of  air,  and  is  so  constructed  that 
the  top  is  slightly  forced  in  when  the  atmospheric 
pressure  rises,  and  (aided  by  a  strong  spring)  comes 
out  when  the  pressure  falls.  These  movements  are 
conveyed  by  levers,  etc.,  to  a  finger  moving  upon  a 
dial ;  the  dial  is  graduated  empirically  by  comparison 
with  a  standard  mercurial  barometer. 

There  are  periodic  and  non-periodic  variations  of 
pressure,  but  the  former  are  so  completely  masked 
by  the  latter  in  the  latitude  of  England  as  rarely  to 
be  perceptible  except  in  averages.  There  is  a  ten- 
dency to  a  daily  curve,  with  a  range  of  about 
0-02  inch.  There  are  two  maxima,  about  9  a.m. 
and  9  p.m.  ;  and  two  minima,  about  3  a.m.  and 
3  p.m.  This  slight  curve  is  only  noticeable  in  the 
rare  absence  of  non-periodic  changes ;  but  in  the 
Tropics  the  daily  range  exceeds  0-11  inch,  while 
in  Arctic  regions  it  vanishes.  The  annual  curve 
in  England  is  somewhat  irregular,  but  has  a 
maximum  at  the  end  of  May,  and  a  minimum  at 
the  end  of  October.  It  is  very  diffei'ent  in  other 
countries. 

Recording  atmospheric=pressure  variation.  If 

the  i^eadings  of  the  barometer  at  any  given  moment 
at  several  stations  dotted  over  a  wide  area,  such  as 
Europe,  are  recorded  upon  a  map,  and  lines  are  drawn 
connecting  together  all  the  points  where  the  same 
pressure  prevails,  we  obtain  a  "  synoptic  chart,"  and 
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tliese  lines,  or  isobars,  are  found  to  assume,  very 
commonly,  certain  typical  forms  (Fig.  6). 

(1)  Cyclones,  formed  by  concentric  isobars,  the 
lowest  pressure  being  at  the"centre. 

(2)  Anticyclones,  the  isobars  being  roughly  con- 
centric, with  the  highest  pressure  at  the  centre. 

(3)  Secondary  cyclones,  formed  by  looped  concen- 
tric isobars  (the  circle  being  incomplete,  and  thus 


Fig.  6. — Distribution  of  pressure  over  the  North  Atlantic,  «nd  parts 
of  the  United  States  and  Europe,  Feb.  27th,  1865. 

(After  AhercYomhie.) 


failing  to  form  a  true  cyclone)  with  lowest  pressure 
in  the  centre. 

(4)  y-shajoed  depressions,  with  lowest  pressure  in 
the  intei'ior,  forming,  for  example,  the  angular  intervals 
between  adjoining  anticyclones. 

(5)  Wedges  of  high  pressure  —  highest  in  the 
interior — inserted  between  two  adjacent  cyclones,  and 
usually  pointing  to  the  north. 

(6)  Cols  or  necks  of  comparatively  low  pressure 
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between  two  adjacent  anticyclones,  like  the  pass  or 
"  col  "  between  two  Alpine  peaks. 
(7)  Straight  isobars. 

Cyclones,  secondary  cyclones,  V-depressions,  and 
wedges,  usually  travel  eastward  at  the  rate  of  about 
twenty  miles  per  hour,  but  anticyclones  often  remain 
stationary  for  days,  weeks,  or  even  months.  If  the 
direction  of  the  wind  at  each  station  is  marked  upon 
the  synoptic  chart,  it  will  invariably  be  found  that 
its  direction  is  roughly  parallel  to  the  isobars,  and 
that  in  anticyclonic  areas  (in  the  northern  hemisphere) 
it  describes  a  circle  in  the  same  way  as  the  hand  of 
a  watch,  while  in  cyclonic  areas  this  course  is  i-e versed.* 
The  direction  of  the  wind  in  these  and  in  all  other 
arrangements  of  isobars  conforms  to  Buys- Ballots 
lazu — that  an  observer  stand inf^  with  his  back  to  the 
Avind  always  has  lower  pressure  to  his  left,  and  higher 
pressure  to  his  right. 

The  closeness  of  the  isobai's,  or,  in  other  words,  the 
rapidity  of  change  of  atmospheric  j)ressure,  forms  the 
"  barometric  gradient,"  to  which  the  velocity  of  the 
wind  is  directly  proportionate. 

4.  Atmosplieric  inovciiiciits  ami  wind. — 
Inequalities  of  pressure  combined  with  inequalities  of 
temperature  are  the  two  chief  causes  of  atmospheric 
movements  and  of  wind,  and,  broadly  speaking,  con- 
trol their  dii  ection.  Not  only  the  force  and  velocity 
of  atmospheric  movements  can  be  inferred  from  the 
arrangement  of  the  isobars,  hut  also  the  kind  of 
weather  prevailing  at  each  station.  The  front  part  of 
an  advancing  cyclone  is  associated  with  rain,  strati- 
form clouds,  and  moist,  heavy  atmosphere,  while  in  its 
rear  the  opposite  conditions  prevail,  namely,  sunshine, 
clear  "  fresh  "  air,  and  cumulus  clouds.  Anticyclones 

*  Tlio  course  of  tlin  wind  is  not  exactly  parallel  to  tlio  isobars.  The 
wind  cresses  I  he  isobars  obli(mely,  and  may  be  described  as  biowin" 
spirally  into  a  cyclone  and  siiirally  out  of  an  anticyclone.  " 
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are  less  intense,  more  stationary,  and  cover  a  wider 
ai-ea  than  cyclones.  In  front  of  tliem  and  at  the 
centre  are  found  sunshine,  blue  sky,  haz;e,  little  wind, 
keen  dry  air,  and  free  radiation,  with  great  daily 
range  of  temperature.  The  weather  changes  which 
accomi^any  secondary  cyclones  or  V-depressions  are 
the  same  as  those  of  cyclones  ;  wedges,  like  anti- 
cyclones,  have  fine  weather  in  front  and  bad  weather 
in  their  rear. 

All  these  types  are  liable  to  break  up  or  merge 
into  new  forms  at  any  time,  but  it  is  often  possible 
to  "  forecast "  the  weather  in  any  given  locality  by 
learning  from  the  synoptic  charts  the  direction  and 
velocity  of  cyclones  aj)proaching  from  the  west. 
Cyclones  are  often  diverted  from  their  coarse  by 
meeting  a  coast  line  or  mountain  chain,  or  even  an 
anticyclone  ;  their  course  is  not  necessarily  straight, 
nor  their  velocity  by  any  means  uniform.  Lastly, 
their  intensity— as  measured  by  the  steepness  of 
the  barometric  gradient  and  consequent  wind- 
velocity — niay  also  change. 

Cyclones  are  much  more  numerous  than  anti- 
cyclones. The  centre  of  depression  usually  passes  to 
the  north  of  Britain,  and  hence  it  is  more  common 
for  the  wind  to  "veer"  (or  "go  with  the  sun") 
than  to  "  back."  It  is  only  necessary  to  imagine  a 
watch  (with  its  hand  moving  in  the  reversed 
direction)  passing  over  a  given  point  upon  a  map,  to 
understand  the  successive  changes  in  the  dii-ection 
of  tlie  wind  at  that  point  during  the  passage  of  a 
cyclone. 

Wind  may  be  measured,  by  anemometers,  as  I'e- 
gards  either  its  pressure  or  its  velocity. 

Hoobe's  anemometer  is  a  thin  rectangulai-  plate  of  iron, 
suspended  from  its  upper  edge,  and  set  at  right  angles  to  the 
wind.  The  force  of  the  wind  is  measured  by  the  angular  dis- 
placement of  the  plate.    A  pencil  connected  with  the  plate 
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records  upon  a  chart  moved  by  clockwork  the  displacement. 
In  Osier's  anemometer  the  principle  is  the  same,  but  the 
weights  are  replaced  by  a  spring-. 

Pressure  anemometers  (Dines)  have  the  advantage  of  re- 
cording gusts  and  sudden  changes  in  wind-pressure.  So  far  as 
velocity  and  pressure  are  comparable,  it  may  be  said  that  the 
pressure  varies  as  the  square  of  the  velocity.  If  v  =  the 
velocity  in  miles  per  hour,  and  p  =  the  pressure  in  pounds 
per  square  foot,  then,  according  to  James, 

Y-'  =:  200  P. 

Robinson's  is  the  only  one  in  common  use.  It 
consists  of  four  light  arms  rotating  in  a  horizontal 
plane  around  an  axis,  through  which  their  move- 


Fig-  7. — Robinson's  anemometer. 


ments  are  transmitted  to  a  series  of  recording  dials. 
Each  arm  has  at  its  extremity  a  hemispherical 
cup,  facing  horizontally  at  right  angles  to  the  arm. 
In  whatever  direction  the  wind  blows,  the  vanes 
revolve,  the  resultant  pressure  upon  the  concave  sur- 
faces being  greater  than  that  upon  the  convex.  It 
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was  formerly  believed  that  the  cups  moved  with  one- 
third  the  velocity  of  the  wind,  and  the  index  dials 

were   graduated  ac- 
cordingly. It  appears, 
however,    that  the 
proportion  is  greater 
than   one-third,  and 
has  a  direct  relation 
to  the  size  of  the  cups 
and  the  velocity  of 
the  wind.  Negretti 
now  supplies  a  re- 
cording and  an  elec- 
tric anemometer,  by 
which  Robinson's  ap- 
paratus may  be  made 
self-recording  (Fig. 
7).  Casella's  air  meter 
or  pocket  anemome- 
ter (Fig.  8)  is  used 
in   mines,    and  for 
measuring  the  veloc- 


Fig.  8. — Pocket  anemometer. 


ity  of  air-currents  for  ventilation  purposes. 

Apart  from  the  uncertainty  as  to  the  true  value  of 
the  readings  of  each  instrument,  the  records  of  difter- 
ent  stations  are  not  strictly  comparable,  snice  inequali- 
ties in  elevation  and  in  shelter  from  the  wind  are 
inevitable,  and  must  materially  affect  the  results. 
The  position  of  the  anemometer  should  be_  such  as 
to  secure  the  fullest  possible  exposure  to  wind  trom 

all  "^^'^^^^^'^^^^^^  ^^j^^.^y  of  ^ind  in  Great  Britain 
shows  a  daily  maximum  and  minimum  closely  corre- 
sponding to  those  of  temperature,  about  2  p.  m  and 
4  am.  The  annual  curve  of  average  wmd-velocity 
has  a  maximum  in  July  and  a  minimum  m  December 
or  January. 
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In  Beaufort's  scale  the  force  of  the  wind  is  stated 
by  arbitrary  numbers,  ranging  from  0  (calm)  to  12 
(hurricane). 


Force. 


0 
1 
2 
3 
4 
5 
6 
7 
S 
9 

10 

11 

12 


Beaufort  scale. 

Calm  

Light  air  

Light  breeze  

Gentle  breeze  .... 
Moderate  breeze  . 
Fresh  breeze     .    .    .'  . 
Strong  breeze  .... 
Moderate  gale 
Fresh  gale  ..... 

Strong  gale  

Wliole  gale   .  . 

Storm  

Hurricane  ... 


Miles  per  hour. 


Up  to  3 
8 
13 
18 
23 
28 
34 
40 
48 
56 
65 
75 
90 


In  England  the  velocity  is,  upon  an  average,  about 
b  miles  per  hour,  and  rarely  exceeds  40.    Local  winds 
may  be  caused  by  geographical 
configuration— e.g.  sea  coasts, 
high  mountains,  and  other  less 
well  defined  factors.    In  nor- 
mal conditions  a  wind  blows 
afc  noon  from  sea  to  land,  from 
plains  to  hills,  but  at  sunset 
the    directions    are  reversed. 
Winds  increase  in  force  with 
elevation.     A    "  wind  -  rose  " 
(Fig.  9)  is  a  scheme  showing 
the  relative  proportions  of  wind-observations  from 
each  point  of  the  compass. 

5.  Rainfall  is  measured  by  a  rain-gauge  (FW  ^  r)\ 

r'eceWer^^^I !  7^^'\  1""^^^  Y''''^  *°  -  bottl^  or^ther 
receivei.  The  funnel  has  a  sharp,  circular  rim  usuallv 
5  inchesor  8  inches  in  diameter  and  its  area square 
nches  IS  accurately  known.  The  water  collectedTthe 
receiver  IS  measured  in  a  graduated  glass  vesseUhe 


Fig.  9. -Wind-rose. 
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divisions  of  which  correspond  to  the  fractions  of  an 
inch  of  rainfall.  It  is  found  that  the  amount  collected 
is  greatest  at  the  ground  level.    Care  must  be  taken 

to  place  the  rim 
of  the  gauge  per- 
fectly   level  and 
to  select  an  open 
site.    "  No  object 
ought  to  subtend 
a    greater  angle 
with  the  horizon 
than  20°  in  any 
direction  from  the 
gauge "  (Scott). 
Snow    and  hail 
may  be  melted  for 
measurement  by 
adding  a  known 
volume  of  warm 
water,  which  must 
be  deducted  from 
the  total. 

As  regards  the 


Fig.  10.— Ra'm-gauge. 


daily  curve  of  average  rainfall  there  are  indications 
of  three  maxima,  the  principal  of  which  occurs 
about  2  or  3  p.m.  The  annual  curve  varies  with 
locality  In  London  and  on  the  east  coast  of  England 
the  principal  maximum  is  in  October,  and  the  mini- 
mum in  February  or  March  ;  but  on  the  west  coast 
January  is  the  wettest  month.  _ 

The  average  annual  rainfall  ^^^^^s  from  about 
20  inches  on  the  east  coast  of  England  to  60  or  80 
inches  on  the  west  coast  of  Ireland  and  Scotland ;  and 
at  Seathwaite,  in  Cumberland,  it  averaged  154  inches 
durinc.  six  years.  The  average  for  England  is  about 
95  inches  The  rainfall  does  not  often  exceed  an  inch 
in  one  day  in  Great  Britain,  but  excessive  quantities 
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are  I'ecorded  occasionally.  It  is  greatest  on  the 
westward  sIojdc  of  English  mountains,  owing  to  the 
humid  westerly  winds  depositing  moisture  as  soon 
as  they  are  forced  to  ascend  into  colder  strata. 
It  must  be  remembered  that  rainfall  by  its  conden- 
sation from  vapour  into  liquid  form  gives  out  latent 
heat. 

6,  Climate  is  the  condition  of  a  country  in  relation 
to  certain  meteorological  elements,  viewed  as  to  their 
effects  upon  animal  or  vegetable  life.    These  elements 
are  (a)  distance  from  the  equator,  or  latitude;  (b) 
relative  distribution  of  land  and  water  ;  (c)  altitude  ; 
(d)  presence  of  ocean  currents ;  (e)  rainfall ;  and  ( /) 
wind.     Proximity  of  mountain  ranges  and  their 
influence  upon  the  shelter  from  wind  and  on  the 
rainfall,  soil  and  its  permeability  to  moisture,  and 
vegetation,  also  exert  an  influence  on  climate.  The 
climate  of  the  British  Islands  is  typically  marine,  being 
greatly  influenced  by  its  insular  position  and  the  Gulf 
Stream,  which  latter  causes  the  "isothermal  lines" 
of  the  North  Atlantic  Ocean  to  run  from  S.W.  to  N.E. 
Such  a  climate  is  essentially  a  temperate  one,  free  from 
extremes  of  heat  and  cold,  and  yet  marked  by  a  high 
degree  of  atmospheric  moisture.    Rheumatism,  lung 
affections,  and  other  diseases  directly  or  indirectly  due 
to  such  climates  therefore  abound.    It  is  customary  to 
divide  climates  into  Warm  (tropical  and  subtropical), 
Temperate,  Cold,  Marine,  and  Mountain  climates,  and 
m  each  of  these  disease  bears  some  relation  to  the 
climate.    Particularly  is  this  true  of  tropical  or  sub- 
tropical climates,  in  which  malaria,  dysentery,  liver 
abscess,  cholera,  yellow  fever,  and  a  variety  of  tropical 
parasitical  ^  diseases  find  favourable  conditions.  At 
the  same  time,  much  can  be  done  by  judicious  living 
to  enable  the  individual  accustomed  to  one  climate 
to  live  healthily  in  another. 


CHAPTER  III 


WATER 

Amoimt.— It  is  generally  estimated  that  from  10 
to  15  gallons  of  water  per  head  per  day  are 
required  for  personal  and  domestic  use,  5  to  10 
gallons  for  municipal  purposes  and  a  similar  quantity 
for  trade  processes,  but  all  these  items  ai'e  liable  to 
wide  variation.  About  20  to  30  gallons  per  head 
are  supplied  in  most  towns  in  Great  Britain.  The 
average  daily  amount  taken  in  food  is  about  half  a 
gallon,  but  at  least  a  pint  of  this  is  contained  in 
solid  food.  Half  a  gallon  more  is  used  in  cooking. 
Parkes  suggested  as  a  standard  in  a  middle-class 
household  6  gallons  per  head  for  domestic  washing, 
5  for  ablutions,  including  a  sponge-bath,  6  for  water- 
closets,  4  for  general  baths,  and  3  for  unavoidable 
waste. 

Sources. — All  natural  waters  are  ultimately 
derived  from  the  rainfall,  which  in  its  turn  is  due 
to  distillation  under  the  influence  of  the  sun's  rays 
from  all  humid  portions  of  the  earth's  surface.  Part 
of  the  rainfall  is  again  evaporated  from  the  surface 
upon  which  it  falls,  part  flows  along  the  surface 
to  form  streams  and  lakes.  A  third  part  sinks 
into  the  soil,  descending  through  fissures  or  pores, 
until  it  reaches  an  impervious  formation,  and  it 
then  either  finds  its  way  laterally  to  the  surface 
in  the  form  of  springs,  or  accumulates  in  the 
poi'ous  strata  overlying  the  impervious  layer,  where 
it  may  be  reached  from  the  surface  by  wells.  It 
has  been  found  that  upon  sand  or  gravel  surfaces  as 
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much  as  90  per  cent,  or  more  of  the  rainfall  sinks 
into  the  ground,  as  compared  with  40  per  cent,  on  the 
chalk,  and  20  per  cent,  on  limestone,  while  upon  clay 
scarcely  any  infiltration  occurs.  For  obvious  reasons 
the  proportion  is  less  in  hilly  districts,  which  offer 
greater  facilities  for  sui'face-flow,  and  less  in  summer 
than  in  winter  owing  to  excessive  evaporation.  Experi- 
ments upon  a  gravelly  loam  indicated  a  penetration  of 
only  2  per  cent,  in  summer  and  nearly  100  per  cent, 
in  wijiter. 

Rain. water  is  soft  and  well  aerated,  but  its  purity 
and  fitness  for  drinking  or  even  for  washing  depend 
upon  the  purity  of  the  atmosphere  through  which  it 
falls.  ^  Near  the  coast  it  often  contains  traces  of 
chlorides  and   sulphates.     In  inland  districts  there 
IS  a  marked  increase  in  the  sulphuric  acid,  ammonia, 
and  organic  matter,  owing  to  putrefactive  processes 
and  the    combustion   of    coal.      Near  towns  rain 
may  become  acid  in  reaction,  from  excess  of  sul- 
phurous and  sulphuric  acids,  and  is  liable  to  carry 
down   considerable    quantities  of  tarry  and  carbon- 
aceous matter  from  the   smoky  air.     It  acquires 
from  the  air  not  only  oxygen,  nitrogen,  carbonic 
acid    and    ammonia,    with   a   minute  -amount  of 
nitric  acid,  but  also  any  organic  or  other  impuri- 
ties that  may  be  present  in  the  air.  Ammonia 
IS  found  m  largest  proportion  during  the  early  part 
of  a  shower.    A  litre  of  rain  contains  about  25  c  c 
of  gases,  namely,  8  c.c.  of  oxygen,  16-5  c.c.  of  nitro- 
gen, and  0-5  c.c.  of  carbonic  acid.    Dew  and  snow- 
water have  practically  the  same  characters  as  rain- 
water, except  that  the  dissolved  gases  are  in  less 
amount  m  snow-water.     The  average  of  20  vears 
less  one-third,  gives  the  amount  of  rain  in  the  driest 
year,  and  plus  one-third  the  amount  in  the  wettest 
year,  {Hawksley.) 

Springes  and  wells.-The  portion  of  the  rain- 
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fall  that  sinks  into  the  ground  becomes  heavily 
chai;ge(l  with  carbonic  acid  from  the  air  in  the  inter- 
stices of  the  soil,  and  aided  by  this  and  by  the  inci-eas- 
ing  pressure  it  dissolves  out  lime  and  various  mineral 
salts  from  the  strata  through  which  it  passes.  From 
the  superficial  strata  it  also  receives  organic  matter, 
but  the  tendency  of  filtration  through  the  soil  is  to 
remove  this,  or  (in  the  su2)erficial  layers,  where  oxygen 
is  present)  oxidize  it  with  formation  of  nitrates. 
The  nature  and  amount  of  the  mineral  matters  in 
solution  are  determined  by  the  soluble  constituents 
of  the  various  strata  through  which  the  water  has 
passed,  and  the  organic  impurities  are  regulated  by 
the  facilities  for  pollution  in  the  superficial  soil 
and  the  completeness  of  purification  by  filtration. 
Hence  the  water  in  shallow  wells,  especially  if 
situated  near  dwellings  or  manured  lands,  is  liable  to 
contain  much  organic  matter  washed  from  the  soil, 
with  or  without  partial  oxidation  into  nitrates  or 
nitrites  ;  and  also  chlorides,  which  usually  accompany 
organic  impurities  of  sewage  origin.  In  peaty  districts 
the  water  acquires  a  brown  tint  due  to  vegetable 
matter. 

According  to  the  depth  of  the  strata  from  which 
it  is  derived,  the  water  may  be  warm,  or  of  the 
mean  tempei'ature  of  the  locality,  or  varying  in 
temperature  according  to  the  season. 

Kiver-Avater  is  derived  partly  from  springs,  but 
chiefly  from  that  portion  of  the  rainfall  which  runs 
off  the  surface.  Hence  it  contains  a  vaiiety  of  mineral 
salts  in  solution,  though  in  less  amount  than  in  spring 
or  well  water. 

All  streams  are  inevitably  polluted  to  a  certain 
extent  by  organic  matter.  Moorland  streams  con- 
tain peaty  matter,  sometimes  in  sufficient  quantity 
to  produce  diarrhcjea.  Even  in  rural  districts,  the 
drainage  from   manured  land  and  farmsteads  finds 
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its  way  to  the  river,  and  in  times  of  heavy  rain 
much  impurity  of   animal  and  vegetable  origin  is 
washed  into  the  watercourses.    Such  slight  decrees 
of  pollution  ai-e  not  regarded   as  rendering  water 
unfit  for  drinking  purposes,  especially  after  filtration. 
Some  of  the  organic  matter  is  oxidized  by  agitation 
and   aeration,   assisted  by  nitrifying  organisms,  or 
removed    by    aquatic    plants,    and    the  bacterial 
contents  of  river  water  may  be  much  reduced  by 
natural  processes.    For  example,  it  has  been  shown 
by  experimental  investigation  that  the  movement  of 
river  water,  and  its  pressure,  exert  such  an  influence. 
Oxidation,   dilution,   sedimentation,  the  bactericidal 
infl  uence  of  light,  and  the  antagonism  of  the  fauna 
and  flora  of  a  river,  also  operate  in  the  same  way. 
When,  however,  the  sewage  of  hamlets,  villages,  and 
towns  is  poured  into  the  river,  the  pollution  becomes 
more  serious,   and  the  self-purifying   agencies  are 
soon  overpowered.    Even  if  the  sewage  added  at  any 
one  point  be  insufficient  to  make  a  perceptible  differ- 
ence in  the  whole  volume  of  water,  it  will  contribute 
to  it,  and  the  risk  of  specific  pollution,  discernible 
neither  by  optical  nor  chemical  tests,  must  always 
render  such  a  stream  a  questionable  source  of  supply. 
There  is  no  river  in  the  United  Kingdom  long  enough 
to  effect  the  complete  destruction  of  sewage  by  oxida- 
tion alone.    Trade  effluents— for  example,  refuse  from 
dyeworks,  paper-mills,  and  bleachworks— cause  even 
more  discoloration  and  turbidity  than  sewage  proper. 
Erom  these  combined  causes  the  rivers  in  the  manu- 
facturing districts  become  foul,  discoloured,  and  offen- 
sive.    Matters  are  made  worse  by  the  refuse  from 
slaughter-houses,  solid  household  refuse,  and  even  con- 
tents of  privy  middens  being  cast  into  the  river.  When 
the  pollution  reaches  such  a  degree  as  this,  the  purifica- 
tion by  oxidation  is  insignificant.    Putrefaction  goes 
on,  however,  and  the  suspended  matters  are  slowly 
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deposited  in  the  bed  of  the  stream,  so  that  there  is 
still  a  tendency  to  self-purification.  The  foulness  of 
rivers  has  rendered  it  necessary  for  the  towns  on  their 
banks  to  impound  pure  water  whicli  formerly  passed 
into  the  natural  watercourses  and  helped  to  dilute  the 
impurities  cast  into  them.  Lastly,  the  flow  is  in  many 
rivers  to  a  great  extent  intermittent. 

Owing  to  trade  exigencies,  volumes  of  water  are  in  many- 
places  impounded,  and  are  only  passed  into  the  stream  during 
-work  hours.  In  seasons  of  drought  this  may  for  a  time  almost 
entirely  arrest  the  flow  of  pure  water,  so  that  sewage  or  other 
impurities  that  gain  access  to  tlie  stream  remain  undiluted. 
This  evil  is  greatest  on  Saturdays  and  Sundays,  hut  occurs 
daily,  and  continues  until  such  time  in  the  day  as  the  reserved 
flow  reaches  the  point  in  question.  When  water  is  abstracted 
from  the  he  id  of  a  stream  for  the  supply  of  a  town,  it  is  cus- 
tomary to  provide  a  '•  compensation  reservoir  "  in  which  the 
storm  waters  are  impounded,  and  whence  they  can  he  delivered 
to  supplement  the  remaining  flow  in  the  river  in  dry  weather. 
As  a  means  of  regulating  the  flow  these  reservoirs  are  very 
valuable,  but  as  for  trade  purposes  the  discharge  is  often  made 
intermittent,  the  lower  part  of  the  stream  may  suffer  from 
delay  in  the  delivery  of  the  "  compensation  "  water,  in  addition 
to  the  loss  of  the  water  permanently  abstracted  from  the  channel. 
An  intermittent  flow  may  have  some  beneficial  influence  in 
flushing  the  bed  of  the  stream,  but  where  there  is  great  impurity 
any  interruption  of  flow  causes  increased  nuisance  by  exposure 
of  a  foul  foreshore. 

Mode  of  supply. — Thinly  populated  districts  are 

dependent  upon  wells  and  springs,  supplemented  by 
rain  water  collected  and  stored.  Eighty  per  cent,  of 
the  water  supply  of  London  is  still  derived  from  the 
Thames  and  Lea,  which  are  sewage-polluted  rivers,  the 
raw  water  of  which  needs  filtration  and  storage  before 
use.  Many  important  cities  derive  their  supply  from 
natural  or  artificial  lakes  (Glasgow,  Edinburgh,  Man- 
chester, Birmingham,  etc.). 

Wells  are  of  three  kinds — (a)  shallow  or  surface 
wells,  (b)  deep  wells,  (c)  artesian  wells.  Shallow 
wells  are  those  which  are  sunk  in  superficial  beds  of 
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Fig.  11.— Method  of  protecting  wells. 
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sand  or  othei-  permeable  soil,  and  which  do  not 
perforate  through  an  impervious  stratum.  The  depth 
to  which  it  is  necessary  to  sink  a  well  depends  upon 
the  surface  conditions  as  well  as  the  arrangement  of 
the  strata  beneath.  Even  "  shallow  wells  "  may  yield 
good  water  unless  exposed  to  pollution,  as  for  instance 
by  the  proximity  of  leaking  cesspools,  ashpits,  drains, 
or  even  dwellings.  Water  will  usually  be  found,  col- 
lected as  in  a  basin,  above  the  first  impervious  stratum 
of  clay,  and,  as  the  surface  of  this  subtei-ranean  reser- 


Fig.  12. — Diagrammatic  section  across  a  valley. 

a  a,  Lerel  of  water  in  deeper  permeable  strata. 


voir  will  vary  according  to  season,  the  well  must  be  deep 
enough  to  reach  its  level  in  times  of  drought.  Such  a 
well  drains  a  wide  area,  and  is  liable  to  be  polluted  by 
any  impurity  of  the  soil  within  a  considerable  radius  of 
its  mouth ;  and  as  the  supply  is  at  best  subsoil  watei", 
due  regard  must  be  had  to  the  possibility  of  pollution 
at  comparatively  distant  points.  It  should  be  lined 
with  brick  and  puddled,  and  the  brick  lining  should  be 
brought  a  foot  or  two  above  the  ground  so  as  to  exclude 
surface  washings  (Fig.  11).  If  the  soil  is  polluted,  or  if 
the  water  found  is  impure  or  insufficient  in  quantity,  the 
boring  is  carried  through  the  first  impervious  stratum 
to  other  water-bearing  strata  deeper  down,  and  such  a 
well  is  known  as  a  "deep  well."  Sometimes,  in  wells 
which  perforate  two  impervious  layers,  the  water  in  the 
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deeper  strata  is  under  sufficient  pressure  to  make  it 
rise  to  the  surface  and  overflow,  forming  an  "artesian 
well  "  (from  Ar- 
tois,  in  France)  or 
artificial  spring. 
The  flow  in  dense 
strata  being  slow, 
each  well  exhausts 
a  considerable 
area,  and  the  yield 
of  water  cannot 
be  greatly  in- 
creased by  multi- 
ple borings.  Bor- 
ings in  sandstone 
or  limestone  give 
large  and  constant 
supplies,  owing  to 
the  enormous  ac- 
cumulations of 
water  they  con- 
tain, but  wells  in 
superficial  sand  or 
gravel  beds,  or 
chalk,  often  fail 
in  dry  seasons 
(Fig.  13).  Arte- 
sian wells  may  be 
of  great  depth, 
1,500-4,000  ft., 
and  their  water  is 
high 


Fig.  13.— Norton's  tube  well. 


in  temperature  (80-180°  F.).  The  water, 
though  pure,  is  sometimes  brackish.  Many  towns  in 
England  derive  their  water  supply  from  artesian  wells, 
which  are  also  being  much  used  in  Australia, 

Wells  derive  their  water  supply  from  a  wide 
catchment  area  or  gathering  ground.    No  habitations, 
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farmyards,  or  sources  of  pollution  should  be  permitted 
within  the  catchment  area.  The  composition  of  water 
varies,  of  course,  according  to  the  soil  of  the  gathering 
ground. 

Tube  ivells  ("Abyssinian")  are  convenient  for 
small  or  temporary  supplies.     J>^orton's  joijited  iron 
tube  (Fig.  13)  is  driven  into  the  ground,  section  by 
section,  the  lowest  being  poiiited  and  perforated  at 
the  end.    When  water  is  reached,  it  enters  the  tube 
through  the  perforations  and  is  pumped  up,  if  the 
pressure  is  insuflacient  to  bring  it  to  the  surface.  The 
average  yield  is  about  7  gallons  per  minute  from  a 
depth  of  about  18  feet.    If  the  yield  is  insufficient 
a  Bastein  pump  may  be  used.    Where  the  water 
does  not  rise  to  within  25  feet  of  the  surface  a 
deep  well  pump  is  necessary.    "Abyssinian"  tube 
wells  are  most  suitable  for  gravel,  coarse  sands,  chalk, 
and  other  porous  water-bearing  strata,  and  may  be 
driven  to  any  depth  up  to  150  feet.    They  are  not  to 
be  recommended  for  clays,  marls,  and  fine  sands, 
and,  of  course,  they  cannot  penetrate  rock.  There 
are  two  systems  of  boring  wells,  by  jjercussion  and 
by  drilling,  and  various  kinds  of  pumps  are  used 
for  raising  the  water  (air-lift,  bore  hole,  three-throw, 
hydraulic   rams   and   water  wheels,    turbines  and 
windmills). 

In  the  country,  and  in  certain  towns  where 
the  air  is  free  from  smoke,  the  rain  falling  upon 
the  roofs  is  collected  and  stored  in  cisterns  for  do- 
mestic use.  It  may,  however,  be  collected  from  any 
other  natural  or  artificial  impervious  surface.  Its 
softness  renders  it  valuable  for  washing,  especially 
if  the  alternative  supply  is  hard,  but  owing  to  sooty 
and  other  matters  acquired  from  the  air  and  from 
the  roofs  themselves,  it  is  seldom  obtained  in  a  state 
of  sufficient  purity  for  drinking  purposes.  It  has 
been   estimated  that  on  the  average   only  about 
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two  gallons  per  head  per  diem  could  be  collected 
in  this  way.* 

If  rain  is  relied  upon  for  more  than  an  auxiliary 
supply,  the  collecting  surface  and  storage  capacity 
must  be  regulated  by  the  minimum  annual  rainfall 
and  the  longest  dry  season. 

Collection  and  storag-e. — Water  is  supplied 
to  towns  from  reservoirs  placed  at  a  sufficient  height 
to  allow  of  its  distribution  by  gravitation  through 
open  or  closed  aqueducts,  leading  to  the  street  mains 
and  through  them  to  the  service  pipes.  Pumping 
stations  may  be  requisite  in  order  to  gain  this  eleva- 
tion, and,  if  the  source  of  water  is  of  insufficient 
purity,  settling  tanks  and  filter  beds  may  also  be 
required.  When  the  yield  is  liable  to  intermission, 
large  storage  capacity  in  the  reservoirs  becomes  neces- 
sary. Supplementary  service  reservoirs,  fed  by  the 
main  reservoirs,  are  often  constructed  in  elevated  parts 
of  the  town,  partly  for  convenience  of  distribution  to 
certain  districts,  partly  in  order  to  supplement  the 
supply  during  the  hours  of  maximum  demand,  and 
so  to  avoid  the  necessity  of  regulating  the  calibre 
of  the  principal  aqueduct  by  the  greatest  hourly 
consumption,  which  is  double  the  average  hourly 
consumption. 

If  water  with  a  head  of  H  feet  flows  through 
L  feet  of  pipe  D  inches  in  diameter,  the  discharge  W 
in  cubic  feet  per  minute  will  be 

w  =  4.72  ^^STd..  ^^^^  ^  ^  .^^ 

^  H 

The  source  of  supply  may  be  deep  wells,  sprino-s, 
lakes,  rivers,  smaller  streams,  or  artificial  adits  from 

»  The  annual  yield  is  found  by  multiplying  the  inches  of  annual  rainfall 
by  the  square  inches  of  sectional  area  of  the  building  (not  the  slant  surface 
of  the  roof).  This  gives  the  cubic  inches  of  water  per  annum  and,  multi- 
plied by  0  0036,  the  number  of  gallons.  ''""uiii,  auu,  muiu- 
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gatliering  grounds.  Some  of  these  sources  are  ira- 
mediately  dependent  upon  the  rainfall  for  their 
continuance,  so  that  in  planning  a  water  supply  it  is 
necessary  to  take  into  account  the  area  of  the  gather- 
ing ground,  the  minimum  annual  rainfall,  the  longest 
rainless  period,  the  proportion  of  rainfall  available  for 
collection,  the  storage  capacity  of  the  reservoirs,  and  the 
amount  of  water  required  by  the  district  to  be  served.* 
Water  of  the  greatest  ])urity  is  obtained  from  deep 
wells,  or  from  barren  uplands,  where  the  risks  of 
animal  or  vegetable  pollution  are  slight. 

Reservoirs  are  constructed  either  by  excavation 
or  embanking,  the  simplest  plan  being  to  carry  an 
embankment  across  a  valley.  A  lining  of  concrete 
or  clay  puddle  may  be  needed  to  render  them  water- 
tight. The  embankments,  necessarily  of  great  strength, 
have  a  core  of  clay  puddle,  and  are  protected  from 
disintegration  by  a  covering  of  grass  on  the  outer  side 
and  dressed  stone  on  the  inner. 

Means  are  provided  of  diverting  the  tributary 
streams  along  a  by-wash  when  they  become  foul  in 
flood  times.  The  reservoir  has  an  overflow  weir,  and 
can  be  emptied  for  cleansing  purposes  by  means  of  a 
pipe,  controlled  by  a  sluice,  leading  from  its  lowest 
part.  The  most  important  points  in  the  provision  of 
reservoirs  are — (a)  suitability  of  site,  (b)  size,  (c)  suffi- 
ciency of  water  supply,  (d)  amount  in  gallons  to  be 
supplied  per  head  per  day,  (e)  the  number  of  days' 
supply  to  be  stored,  and  (/)  the  particular  use  to  which 
the  reservoir  is  to  be  put,  namely,  whether  it  is  to  be 
a  quiescent  settling  basin  or  a  continuous-flow  settling 
basin,  the  latter  being  preferable. 

From  the   reservoirs  the  water  passes   to  the 

*  In  such  cases  tlie  reservoirs  should  be  large  enough  to  hold  at  least 
150  days'  supply,  and  more  in  dry  localities.  If  R  =  mean  annual  rainfall, 
E  =  eyaporation  (page  24),  and  A  =  acreage  of  gathering  ground,  then  the 
mean  daily  yield  in  gallons  is  62  A  (R-  E).  In  the  driest  year  the  rainfall, 
will  be  i  less,  in  the  wettest  i  more,  thau  the  average.  {Sijmons.) 
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aqueducts  by  an  outlet  pipe,  which  is  bent  upwards 
at  its  commencement  so  as  to  take  the  purest  water, 
free  alike  from  sediment  and  floating  matters.  The 
aqueduct  may  be  an  open  channel,  but  usually 
consists  of  iron  pipes  buried  two  or  three  feet  in  the 
ground  as  a  protection  against  frost.  The  pipe  aque- 
duct ma,y  be  lined  with  pitch  or  other  anti-corrosive, 
and,  being  watertight,  its  course  is  not  necessarily 
downward  at  all  points.  Means  of  access  are  pro- 
vided at  short  intervals  for  cleansing  purposes  ;  and 
if  its  course  is  undulating,  sluices  are  needed  at  the 
lowest  points  for  scouring  out  debris,  and  air  vents 
at  the  summit. 

Distribution — Distributing  conduits  and  mains 
convey  the  water  to  all  parts  of  the  district,  and  pass 
beneath  the  streets.  They  are  similar  in  construction 
to  the  main  aqueducts,  and  have  "  scouring  valves  "  at 
all  dead  ends  in  order  to  wash  out  sediment.  They 
should  be  kept  as  far  as  possible  from  the  sewers  and 
gas  mains.*  Hydrants  are  provided  at  short  intervals 
for  use  in  case  of  fire. 

Service  pipes  convey  water  from  the  street  main  to 
the  house,  and  are  controlled  by  means  of  stop-cocks. 
Lead  piping  is  generally  used,  owing  to  the  many 
bends  and  joints  needed  in  distributing  water  within 
the  house.  If,  as  is  sometimes  the  case,  tlie  water 
IS  of  Guch  quality  as  to  act  upon  lead,  other  materials 
must  be  employed  for  domestic  supplies. 

Constant  and  intermittent  service  In  almost 

all  provincial  towns,  and  in  most  parts  of  London, 
the  water-supply  is  maintained  constantly,  save  in 
tunes  of  exceptional  drought.  In  some  districts,  how- 
ever, the  supply  is  only  afforded  for  a  certain  number 
of  hours  ni  the  day;  and  it  becomes  necessary  for 

*  There  is  danger  of  in-suction  if  a  perforation  exists  in  a  descendina 
.ffilylir^'"^  '  constriction,  even  if  the  p[pe  is  S 
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each  household  to  store  a  sufficient  supply  for  twenty- 
four  hours,  in  elevated  cisterns.  The  intermittent 
system,  now  becoming  obsolete,  is  attended  by  many 
risks  and  disadvantages,  and  is  only  defended  on  the 
grounds  that  it  incurs  somewhat  less  waste,  and  that 
the  substitution  of  constant  service  entails  better  fit- 
tings. On  the  other  hand  the  cisterns,  which  must 
be  large  enough  to  meet  the  maximum  (not  the  aver- 
age) daily  consumption,  are  costly,  and  are  liable  to 
become  foul;  the  water  stored  in  them  is  stagnant, 
and  absorbs  impurities  from  the  air ;  coal-gas,  sewer- 
gases,  or  liquid  filth  are  liable  to  be  drawn  into  the 
mains  and  service-pipes  when  empty  ;  and,  apart  from 
this,  the  alternate  contact  with  air  and  water  tends  to 
corrode  the  pipes  and  promotes  the  absorption  of  lead. 
In  the  event  of  fii'e,  a  house  or  district  under  the  in- 
termittent system  is  at  great  disadvantage. 

A  cistern,  if  any  is  needed,  should  be  placed  at  the 
top  of  the  house,  and  fed  by  a  supply-pipe  controlled 
by  a  ball-cock.  It  must  be  large  enough  to  contain 
at  least  a  day's  supply  and  must  not  directly  supply 
the  water-closet.  It  may  be  made  of  lead,  lined  with 
pitch  or  other  protective  coating,  or  of  galvanized  or 
Barff  iron,  or  of  slate  slabs  set  in  cement.  It  should 
be  eflfectually  covered,  but  ventilated,  and  provided 
with  an  overflow  (of  greater  diameter  than  the  feed 
pijie)  discharging  into  the  open  air  away  from  any 
source  of  effluvia.  Frequent  inspection  and  cleansing 
are  necessary. 

Purification  of  water  may  be  necessary  on 
account  either  of  excessive  hardness,  excess  of  saline 
constituents,  suspended  matters,  organic  matter  in 
solution,  or,  lastly,  on  account  of  liability  to  specific 

pollution.  , 

Distillation  is  the  most  universally  applicable 
mode,  and  even  sea-water  can  be  utilized  in  this  way. 
Distilled  water  has  an  unpleasant  taste,  and  is  said  to 
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be  indigestible  from  its  want  of  aeration.  This  can  be 
remedied  by  exposure  to  the  air  in  finely  divided  cur- 
rents, as,  for  instance,  by  letting  it  fall  from  a  sieve, 
or  by  charging  it  with  COg  under  pressure. 

Boiling  removes  temporary  hardness  and  destroys 
microbes,  and  therefore  specific  contagia.  Some  of 
the  organic  matter  is  carried  down  with  the  calcium 
carbonate.  Boiled  water  tastes  flat,  and,  like  distilled 
water,  needs  aeration.  Lime  is  thrown  down  more 
completely  if  sodium  carbonate  be  added. 

Chemical  processes  are  for  the  most  part  in- 
tended to  remove  excess  of  lime.  Hard  water  may 
be  softened,  and  at  the  same  time  deprived  of  all  sus- 
pended matter,  organic  or  mineral,  by  adding  about 
SIX  grains  of  alum  per  gallon.  Calcium  sulphate  and  a 
bulky  precipitate  of  aluminium  hydrate  are  formed, 
and  carry  down  suspended  matters.  If  no  calcium 
carbonate  is  present,  calcium  chloride  and  sodium  car- 
bonate must  be  added  previously.  Perchloride  of  iron 
m  gi"-  per  gallon)  acts  similarly. 

Clark's  ^Jrocess.— Hard  waters  may  be  softened 
upon  the  large  scale  in  reservoirs  by  adding  to  every 
100,000  gallons  of  water  6  lb.  of  freshly  burned  lime 
for  each  degree  of  hardness.    The  lime  and  calcium 
bicarbonate  react  to  form  insoluble  calcium  carbonate 
and  this  carries  down  with  it  suspended  matters.  A 
similar  process  maybe  employed  on  the  domestic  scale, 
using  lime  or  washing-soda,  or  both.    The  Forter- 
Clark  process  is  a  modification  of  Clark's.    Instead  of 
waiting  for  a  slow  subsidence,  which  takes  ten  or 
twelve  hours,  the  precipitated  calcium  carbonate  is 
removed  rapidly  by  filtration  through  cloth,  under 
pressure. 

Filtration   aims   at   straining    off  suspended 
matters  and  oxidizing  dissolved  organic  substances 
Mineral  salts  in  solution,  such  as  sodic  chloride  or  calcic 
sulphate,  are  at  most  only  partially  removed  by  filtra- 
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tion.  Asa  rule,  however,  hardness  is  lessened,  together 
with  the  nitrites  and  ammonia.    Nitrates  are  increased. 

For  domestic  filtration  a  sand  filter  capable  of 
removing  suspended  matters  and  some  of  the  organic 
impurity  may  be  constructed  like  a  miniature  filter- 
bed,  in  an  ordinary  flower-pot,  with  or  without  tlic 
addition  of  a  layer  of  animal  charcoal 
(6-12   inches  of  fine,  sharp  sand, 
superimposed  on  an  inch  or  two  of 
small  gravel).    Sponge  filters  have 
deservedly   fallen   into    disrepute  ; 
they  remove  suspended  matters,  but 
become  foul,  and  harbour  organisms. 
Carbon  is  the  commonest  of  all  fil- 
terinsT  media  ;  and  animal  charcoal 
is  believed  to  have  a  far  greater  puri- 
fying effect  than  vegetable  charcoal. 
Many  efficient  patterns  of  filters  are 
made  essentially  of  animal  charcoal  ; 
others  depend  upon  silicated  carbon, 
manganous  carbon,  magnetic  carbide 
of  iron,  or  "  carferal"  (charcoal,  iron, 
and  clay).    Maignen's  "  tiltre  rapide  " 
has  no  carbon  block,  but  the  Avater 
is  made  to  pass  through  a  mixture  of 
powdered  charcoal  and  lime  {carho 
calcis)  supported  upon  an  asbestos 
cloth ;   like  other   animal  charcoal 
filters,  it  seems  to  have  the  power 
of  removing  lead.     The  medium  can  be  renewed 
without  difficulty.  Bischof's  spongy-iron  filter,  besides 
removing  the  organic  matter,  lessens  the  hardness,  and 
often  reduces  nitrates  to  ammonia. 

Ordinary  domestic  filters  do  not  completely  remove 
microbes,  and,  indeed,  some  charcoal  filters  appear  to 
increase  the  number  of  bacteria  in  water  passed 


Fig.  14.— Filter  at- 
tached to  water 
tap. 


through  them. 


This  is  owing  to  the  fact  that  char- 
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coal  may  add  nitrogen  and  phosphates  to  watei-,  which 
are  both  nutritive  substances  on  which  bacteria 
flourish,  and  may  absorb  impurities  from  the  air,  and 
tlius  favour  the  growth  of  organisms  in  its  substance. 
To  remove  all  bacteria,  filters  of  a  different  class  are 
required,  with  excessively  fine  pores  through  which 
water  can  be  forced  under  pressure,  without  per- 
mitting microbes  to  pass.  Pasteur- Cham berland's, 
composed  of  porcelain  formed  by  a  mixture  of  kaolin 
and  other  clays,  is  the  best  example  of  this  kind 
(  Wood/lead,  Horrocks) ;  the  Berkefeld  filter,  somewhat 
similar,  is  made  of  infusorial  earth.  If  much  organic 
pabulum  be  present  in  the  water,  or  the  filter  be  used 
intermittently,  or  the  water  forced  through  it,  even 
filters  of  this  kind  are  not  proof  against  microbes 
growing  through  ;  and  periodic  sterilization  by  steam 
or  boiling  is  therefore  necessary.* 

Secliinciilation  and  liltcr-bccls.  Purifica- 
tion of  water  on  a  large  scale  is  now  best  secured  by 
the  double  process  of  sedimentation  by  storage  and 
filtration  through  sand. 

Sedimeniation  takes  place  in  large  reservoirs 
before  the  water  is  passed  on  to  the  filter-bed.  The 
action  of  gravity  causes  suspended  matter  to  fall,  carry- 
ing down  with  it  micro-organisms.  Aeration  and  sun- 
light play  a  part.  Houston  has  pointed  out  that 
storage  brings  about  not  merely  mechanical  effects,  but 
the  absolute  extinction  of  life  of  microbes.  "  Even  a 
week's  storage  of  raw  river-water  is  an  enormous  pro- 
tection, and  less  than  a  month's  storage  an  apparently 
absolute  protection,  against  the  germs  of  typhoid  fever" 
{Houston).    This  applies  equally  to  cholera.  Raw 

*A  filter  (otlicr  than  Biscliofs)  should  be  emptied  from  tiniP  t-n  ti„n«  f  . 
promote  aeration,  and  requires  frequent  cleansing  and  oclasio^^ 
of  the  carbon  or  other  medium.    Cleansing  may  be  effeS  bv  v, 
the  carbon  block,  if  removable,  then  runniuK  an  ackl  solutll  rff  f  1"'^'?'"^ 
pennansanate  through  it,  followed  by  co  fous  wasbiu<i  wi^  -^ 
hydrochloric  acid,  and  finally  several  l^nZ^of    ate    °  '"'^ 
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river-water  should  therefore  be  stored  antecedent  to 
filtration,  preferably  for  30  days.  Houston  claims  that 
storage  reduces  the  number  of  bacteria  of  all  sorts 
(often  by  99  per  cent.),  alters  the  bacteriological  ratio 
of  water  (by  reducing  B.  coli  to  a  proportionately 
gi'eater  extent  than  other  water-bacteria),  devitalizes 
the  microbes  of  typhoid  and  cholera,  reduces  the 
amount  of  suspended  matter,  and  has  a  marked 
"levelling"  effect  on  water  delivered  to  filter-beds, 
thus  prolonging  the  '•  life  "  of  the  beds.  The  use  of 
stored  water  enables  a  constant  check  to  be  maintained 
on  the  safety  of  a  water  antecedent  to,  and  irrespec- 
tive of,  filtration.  Storage  thus  acts  by  sedimentation^ 
devitalization,  and  equalization.  The  only  serious  dis- 
advantage of  storage  is  the  expense  of  constructing 
reservoirs  and  of  management  involved. 

Filtration  is  necessary  when  a  public  Avater-supply 
is  turbid  or  impure.  The  "  filter-beds  "  constructed  for 
this  purpose  are  essentially  shallow  reservoirs,  one  or 
two  feet  of  water,  underdrained  by  perforated  or  loosely 
jointed  pipes,  to  reach  which  the  water  passes  down- 
wards through  successive  layers  of  fine  sand,  coarse 
sand,  fine  gravel,  coarse  gravel,  and  pebbles  and  broken 
stones,  the  total  thickness  being  several  feet.  Vents 
are  carried  from  the  deeper  layers  to  above  the  sui  face 
of  the  water,  to  allow  of  the  escape  of  the  air  displaced 
by  the  water  as  it  first  descends.  From  time  to  time 
the  beds  are  run  dry,  for  the  purpose  of  aeration  ;  and 
occasionally  they  are  cleansed  by  scraping  oft'  the  sedi- 
ment and  a  little  of  the  superficial  fine  sand,  fresh  sand 
being  added  when  necessary.  The  suspended  impurities 
are  strained  off  by  the  upper  portion  of  the  filter,  and 
a  certain  degree  of  oxidation  of  organic  matter  is 
eff'ected  by  the  aid  of  nitrifying  organisms.  Hardness 
is  diminished  somewhat,  and  iron  is  removed.  It  has 
been  shown  that  filtration  through  sand  removes  95  to 
99  per  cent,  of  the  microbes  present  in  water  (80  per 
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cent,  of  the  bacteria  removed  were  found  in  the  upper 
inch  of  sand,  and  55  per  cent,  in  the  upper  quarter- 
inch).    If  the  gelatinous  film  which  forms  at  the  sur- 
face of  the  filter  is  not  disturbed,  and  if  the  speed  of 
filtration  does  not  exceed  4  inches  per  hour,  practically 
all  the  microbes  are  arrested.    Those  in  the  effluent 
come  from  the  filter  itself,  and  should  not  exceed  100 
per  c.c.  [Koch).    Erankland  holds  that  the  efficiency 
of  sand  filtration  depends  upon  {a)  the  storage  capacity 
of  the  unfiltered  water,  for  pui-poses  of  subsidence  by 
sedimentation ;  (h)  the  thickness  of  fine  sand  through 
which  the  filtration  is  carried  on ;  (c)  rate  of  filtra- 
tion;  and  {d)  the  renewal  of  the  filter-bed.    It  is 
essential  that  the  rate  of  filtration  should  be  slow, 
about  1|  gallons  per  square  foot  per  hour  being  the 
rule  in  the  London  waterworks,  although  in  Paris  it 
is  as  much  as  3|  gallons,  in  Amsterdam  2i,  and  in 
Berlin  2.    The  gelatinous  film  on  the  surface  of 
the  filter  is  the  vital  layer  where  the  process  of 
nitrification  and  arrest  of  bacteria  goes  on,  and  it 
is  there  that  the  filter  exerts  its  chief  effect.  It 
may  therefore  be  said  that  sand  filtration  depends 
upon  four  processes  :  first,  there  is  subsidence  of  the 
grosser  particles  of  impurity  in  the  settling  tank ; 
secondly,  there  is  mechanical  obstruction  to  impuri- 
ties in  the  interstices  of  the  filter ;  thirdly,  there  is 
oxidation  of  organic  matter  in  the  pores  of  the  filter- 
bed  ;  and  fourthly,  micro-organisms  in  the  vital  layer 
on  the  surface  of  the  filter  carry  on  the  process  of 
nitrification.     The    efficacy  of    the   filtration  can 
only  be  measured  by  periodical  bacteriological  and 
chemical  examinations.    The  former  should  include  an 
estimation  of  the  number  of  bacteria  present  per  c.c. 

Other  materials  may  be  employed  in  the  construc- 
tion of  filter-beds,  such  as  magnetic  carbide  of  iron 
covered  by  a  layer  of  sand  to  intercept  the  suspended 
impurities.    Such  a  filter-bed  must  be  worked  slowly 
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and  intermittently,  so  as  to  renew  tlie  aeration.  Spongy 
iron  can  be  used  on  the  large  scale,  or  "  batteries  "  of 
Chaniberland's  filters.  At  Antwerp  "  revolving  puri- 
fiers "  are  used — cylinders  containing  small  loose  pieces 
of  spongy  iron,  and  having  many  ])rojections  from  the 
inner  surface.  Their  long  axis,  upon  which  they  rotate, 
is  horizontal  or  inclined,  and  the  surfaces  of  the  iron 
masses  inside  are  kept  constantly  bright  and  clean  by 
mutual  friction.  Water  is  passed  slowly  through  the 
cylinders  as  they  revolve,  and  is  exposed  to  the  action 
of  the  constantly  fresh  iron  surfaces.  Subseqiiently 
sand  filtration  is  used  to  remove  the  iron.  Metal  cylin- 
ders containing  filtering  matei-ial  (known  as  "  scrub- 
bers"), polarite,  sand  and  polarite  mixed,  etc.,  have 
also  been  used  for  filtration  of  water. 

If  the  source  of  supply  is  a  river,  storm-  or  flood- 
water  should  be  excluded.  A  preliminary  purification 
by  subsidence-tanks  may  be  beneficial,  and  floating 
matters  may  be  excluded  by  admitting  the  water  from 
the  river  through  a  submerged  sluice. 

The  Examination  op  Water  Supplies 

Collection  of  samples — The  amount  required 
depends  upon  the  mode  of  analysis  to  be  adopted. 
Haifa  gallon,  or  2|  litres,  will  suffice  for  almost  all 
purposes,  and  this  quantity  is  held  by  an  ordinary 
stoppered  "  Winchester  quart."  The  bottle  is  rinsed 
out  witli  a  little  hydrochloric  acid,  and  then  with  water 
until  the  rinsings  are  no  longer  acid.  At  the  time  of 
collection  it  is  again  rinsed  with  sample  water,  and  then 
filled  up  to  the  neck.    The  stopper  should  be  tied  in. 

In  order  to  obtain  a  fair  sample,  it  is  well,  in  the 
case  of  rivers  or  ponds,  to  plunge  the  mouth  of  the 
bottle  under  the  surface  of  the  water,  at  a  distance  from 
the  margin,  so  as  to  exclude  scum  and  debris,  care 
being  taken  not  to  stir  up  any  sediment.  Tap-water 
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should  be  allowed  to  run  for  some  time  before 
sampling,  unless  it  is  desired  to  ascertain  the  maximum 
impurity. 

Accompanying  the  sample  should  be  a  more  or  less 
full  statement  of  its  source.  For,  in  addition  to  a 
chemical  and  bacteriological  report  of  a  water,  there 
should  also  be  made  a  careful  examination  of  the 
gathering  ground.  The  physical  configuration  of  the 
gathering  ground,  its  subsoil  (the  occurrence  or  other- 
wise of  peat),  its  geology,  its  rainfall,  its  relation  to 
the  slopes  which  it  drains,  the  nature  of  its  surface, 
the  course  of  its  feeding  streams,  and  the  absence  or 
presence  of  vegetation  and  cultivated  areas,  of  roads, 
of  houses,  of  farms,  of  human  traffic,  of  cattle  and 
sheep — all  these  points  should  be  noted,  and  their 
influence,  direct  or  indirect,  upon  the  water  carefully 
borne  in  mind. 

When  the  sample  has  been  duly  collected,  sealed, 
and  a  label  affixed  bearing  the  date,  time,  and  condi- 
tions of  collection,  and  full  address,  it  should  be 
transmitted  (preferably  in  an  ice-box)  with  the  least 
possible  delay  to  the  laboratory,  in  order  that  the 
examination  may  Ije  made  immediately. 

Physical  characters — Water  sliould  be  clear 
and  bright,  free  from  turbidity  or  smell,  and  have  a 
fresh,  agreeable  taste,  without  perceptible  saline  or 
other  accessory  character.  The  colour,  as  seen  by 
looking  down  upon  a  white  surface  through  a  column 
of  the  water  two  feet  in  depth,  should  be  clear,  or 
slightly  green,  or  blue ;  a  yellow  or  brown  tint  raises 
suspicion  of  organic  pollution. 

Natural  Waters  may  contain — 

In  SMs;;ensio?z— Particles  of  animal,  vegetable, 
and  mineral  origin. 
Microbes,  and  other  living  organ- 
isms, animal  and  vegetable. 
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In  solution — Gases, 

Mineral  salts. 

Soluble  organic  matter  of  animal 
and  vegetable  origin. 

Suspended  iiiattei's — The  water  should  be 
allowed  to  stand  for  a  day  in  a  tall  glass,  and  the  sedi- 
ment then  examined  under  the  microscope.*  Particles 
of  sand  have  a  sharp  angular  outline.  Fragments  of 
chalk  and  clay  are  amorphous,  but  a  drop  of  acid  in- 
troduced beneath  the  cover-glass  will  dissolve  chalk, 
leaving  clay  unaffected.  Shreds  of  cotton  or  linen  are 
easily  recognized  under  the  microscope,  and  so  are 
fragments  of  leaves,  woody  fibre,  and  other  vegetable 
tissues,  if  not  so  decomposed  as  to  be  apparently 
structureless.  Hair,  wool,  fragments  of  insects,  and 
even  epithelial  scales  may  be  found  ;  brown  globular 
bodies  attributed  to  sewage  contamination  are  some- 
times seen  in  polluted  water. 

For  the  most  part  suspended  matters  can  scarcely 
be  deemed  injurious  ;  but  some  of  them,  cotton  fibres 
for  example,  may  supply  important  evidence  of  pollu- 
tion by  household  waste,  or  even  sewage. 

JLiving^  org-anisiiis.~Rhizopoda,  Infusoria,  Hy- 
drozoa,  E.otifera,  Scolecida,  Entomostraca,  and  Insecta 
are  found  in  water,  together  with  Fungi,  Algae,  Diato- 
maceffi,  and  many  other  organisms.  For  the  most 
part  these  are  believed  to  be  harmless  in  themselves, 
though  Infusoria  (e.g.  Paramecium,  Vorticella)  and 
Fungi  indicate  the  presence  of  impurities,  and  a 
relatively  large  number  or  amount  of  vegetable  or 
animal  forms  of  life  indicate  the  presence  of  organic 
pabulum  for  their  sustenance.  Among  the  parasites 
that  are   believed   to   be   conveyed  by  water  are 

*  One  form  of  sediment  tube  is  sliaped  like  a  piputte,  the  point  of 
wliich  fits  accurately  into  a  little  glass  cup  wherein  the  sediment 
collects.  Finally  a  long  rod  is  passed  down  the  tube  so  as  to  stopper  it 
from  the  inside  at  the  point.  Tlie  cup,  containing  the  sediment  and  about 
1  c.c.  of  water,  can  then  be  removed  for  examination. 
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certain  tapeworms,  the  Guinea-worm,  Dochmius  duo- 
denalis,  Bilharzia,  and  leeches.  They  may  be  found 
in  the  adult  or  embryonic  form,  or  as  ova. 

Bacteria  in  water.— In   all    surface  waters 
bacteria  abound,  and  they  are  often  present  in  small 
numbers  in  deep-well  or    spring    waters.  Water 
bacteria  include  micrococci,  spirilla  and  bacilli,  the 
last  being  by  far  the  most  common  group.  They 
multiply  in  water  with  great  rapidity.    If  a  sample 
of  ordinary  water  be  allowed  to  stand,  it  will  be 
found  that  in  24  hours  there  has  been  enormous 
multiplication,  which  continues  for  three  or  four  days, 
until  there  may  be  hundreds  of  thousands  or  perhaps 
millions  of  bacteria  in  a  cubic  centimetre  ;  then,  the 
pabulum  and  volume  of  -water  remaining  the  same, 
there  will  be  a  diminution,  until  in,  say,  two  or  three 
months'  time  there  will  be,  in  all  probability,  few  or 
none.    In  a  general  way  it  may  be  said  that  foul 
waters  rich  in  putrescible  animal  matter  show  a  very 
rapid  increase  of  bacteria  ;  surface  waters,  such  as 
river  water,  show  a  slow  and  persistent  multiplication 
of  organisms  ;  whereas  deep-well  waters  and  spring 
water  show  compai'atively  little  increase  in  contained 
bacteria.    The  three  chief  conditions  affecting  multi- 
plication of  bacteria,  with  few  exceptions,  are  (a) 
temperature,  {h)  period  of  time  of  standing,  and  (c) 
pabulum  in  the  water. 

Number  of  bacteria  in  water — Deep-well  water 
generally  contains  but  few  bacteria  (say  1-10)  per 
c.c.  ^  River  water  varies  in  its  bacterial  content  ac- 
cording to  season  (i.e.  temperature)  and  according 
to  degree  of  pollution  of  the  river  (i.e.  organic 
pabulum).  Crookes  and  Dewar  found  unfiltered 
Thames  water  in  June,  1904,  contained  883  bacteria 
per  c.c.  (filtered,  20),  but  in  December,  5,875  per 
c.c.  (filtered,  29).  In  1903,  a  year  of  exceptionally 
heavy  rainfall,  and  therefore  of  much  surface  pollu- 
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tion  of  the  Thames,  the  number  of  bacteria  in  June, 
when  the  average  would  under  ordinary  circum- 
stances have  been  low,  was  10,337  per  c.c.  ;  in 
October  of  the  same  wet  year  the  number  reached 
16,671,  and  in  December  27,216.  Yet  after  this 
water  had  passed  through  the  filters  the  numbers 
were  reduced  to  42,  66,  and  37  bacteria  per  c.c. 
respectively.  Prausnitz  has  shown  that  waters  differ 
in  bacterial  content,  as  would  be  expected,  accord- 
ing to  the  locality  in  the  river  at  which  examination 
is  made.  His  investigations  w^ere  made  from  the 
Isar  before  and  after  it  receives  the  drainage  of 
Munich,  with  the  following  results  : — 

Above  Munich    531  bacteria  per  c.c. 

Near  the  euti'iincc  of  principal  sewer  ..    227,369      ,,  ,, 
Thirteen  kilometres  below  Munich      ..9  111 
Twenty-two     „  „  ..       4,796      ;,'  ]] 

Thirty-three     „  „  ..       2,378  „ 

In  this  country  many  similar  investigations  have 
been  made.    In  1901  Boyce  found  in  the  Severn: 

Two  miles  above  Shrewsbury  7,000  bacteria  per  c.c,  including  13  B.  coli. 
Opposite  Shrewsbury        ..    13,000      ,,         „  ,,  46 

One  mile  and  a  halflower  down  23,000      ,,         „  321  ',' 

Two  miles  and  a  half      ,,       19,00i)      ,,         ,,  ,,  600 

Nine  miles  „      13,000      „         „  „        48  „ 

Sixteen  miles  ,,       5,000      ,,         ,,  ,,        36  ,, 

From  these  and  many  similar  records  it  is  evident 
that,  in  the  result,  the  number  of  bacteria  in  river 
water  depends  upon  a  variety  of  circumstances, 
amongst  which  the  most  important  direct  conditions 
are  (1)  local  polution  ;  (2)  natural  jDurification ;  (3) 
season  and  rainfall,  and  (4)  sedimentation  and  filtra- 
tion. Behind  these  direct  conditions  we  also  know 
that  time,  temperature,  light,  exposure  to  air,  etc., 
exert  more  or  less  influence. 

There  is  no  hard  and  fast  rule  as  to  how  many 
bacteria  a  potable  water  should  contain,  as  the  kind 
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of  bacteria  and  the  relative  abundance  of  each  species 
are  more  important  data  than  actual  numbers,  Koch, 
however,  has  suggested  100  bacteria  per  c.c.  as  a 
maximum  number  for  a  properly  filtered  water. 
Mace  proposed  a  standard  of  0-50  per  c.c.  as  "  very 
pure,"  and  50-500  per  c.c.  as  "good  water."  Esti- 
mations of  water  based  only  upon  counting  "  colonies  " 
of  bacteria  in  plate  cultures  are  of  little  value,  but, 
other  things  being  equal  and  constant,  a  small  number 
of  organisms  tends  to  indicate  a  small  degree  of 
organic  pollution  and  conditions  unfavourable  to  the 
multiplication  of  bacteria.  Broadly,  it  is  true  that  a 
water  containing  a  large  degree  of  orgaiiic  matter,  the 
pabulum  of  bacteria,  will  contain  a  higher  number  of 
bacteria  than  a  Avater  containing  a  low  degree,  and 
this,  of  course,  is  the  scientific  reason  for  quantitative 
estimations. 

Species  of  bacteria  in  water. — There  are  three 
chief  groups  of  water  bacteria,  as  follows  : — - 

1.  Ordinary  tuater  bacteria,  including  the  fluor- 
escent bacilli,  liquefying  and  non-liquefying,  many 
of  the  common  chromogenic  organisms,  and  organ- 
isms of  air  and  soil.  They  are  of  little  importance 
unless  present  in  large  numbers,  and  they  possess 
no  pathogenic  power. 

2.  Setvage  bacteria,  including  B.  coli  communis 
and  its  allies,  the  Proteus  family,  B.  enteritidis  sporo- 
genes  of  Klein,  and  certain  streptococci  and  staphylo- 
cocci. The  most  important  member  of  this  group  is 
B.  coli.  This  is  a  motile,  non-spore-bearing  bacillus, 
possessing  a  limited  number  of  flagella,  capable  of 
fermenting  glucose  and  lactose,  of  curdling  litmus 
milk  with  the  production  of  acid,  of  forming  indol  in 
peptone  water,  reducing  neutral  red  broth  with  the 
production  of  a  green  fluorescence,  producing  acid 
and  gas-bubbles  in  a  nutrient  medium  containing 
glucose  and  bile  salts  (taurocholate  and  glycocholate 
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of  soda),  forming  a  more  or  less  brownish  growth 
on  steamed  potato,  and  producing  on  the  surface  of 
gelatine  a  dry,  translucent  growth  which  does  not 
liquefy  the  medium.  The  bacilli,  under  the  micro- 
scope, appear  as  cylindrical  rods,  showing  more  or 
less  motility,  having  a  few  short  flagella,  and  they  do 
not  stain  by  the  method  of  Gram. 

The  important  point  is  the  differential  diagnosis  of  B.  coli, 
and  the  following  characters  are  now  commonly  relied  upon  : 
1.  The  a.  coli  group  is  non-sporing  and  non-liquefying.  2. 
The^  members  of  the  group  rarely  stain  by  Gram's  method. 

3.  They  produce  acid  and  gas  with  both  glucose  and  lactose. 

4.  They  produce  acid  in  milk,  and  they  usually  also  coagulate 
it.  5.  They  produce  acid  and  gas  in  bile-salt-glucose  broth.  6. 
They  grow  well  at  a  temperature  of  24"  C.  Other  fairly 
reliable  features  are  motility,  a  small  number  of  fiagelia,  a 
fairly  typical  growth  on  potato,  and  more  rapid  develoijraent 
on  all  media  than  the  typhoid  bacillus.  In  examining  the 
London  water-supply  Houston  uses  what  he  describes  as  pre- 
sumptive, confirmatory,  and  typical  tests  for  li.  coli.  The 

presumptive  test  is  gaseous  fermentation  of  a  bile-salt-glucose 
peptone  medium ;  the  confirmatory  test  is  the  isolation  of  a 
coli-like  microbe  forming  gas  either  in  a  lactose  or  glucose 
medium  ;  and  the  typical  tost  is  the  isolation  of  a  coli-like 
mici"obe  forming  indol  in  peptone  water  cultures  and  gas 
in  a  lactose  medium  (the  "  flaginac  "  reaction).  It  is  also 
desirable  to  remember  the  characteristics  of  the  three  groups 
of  bacilli  most  readily  confused  with  the  coli  group.  These 
with  their  characteristics  are  as  follows :  («)  The  Proteus 
group,  the  members  of  which  are  motile,  liquefy  gelatine, 
produce  gas  in  glucose  and  saccharose  but  not  in  lactose, 
curdle  and  acidulate  milk  very  slowly,  and  usually  produce 
indol ;  (6)  the  group  including  B.  lactis  aerogenes,  non-motile 
bacilli,  which  do  not  liquefy  gelatine  but  which  curdle  and 
acidulate  milk  and  ferment  sugars  other  than  glucose ;  and 
(c)  the  enteritidis  group,  containing  bacilli  which  are  motile, 
which  only  ferment  glucose,  and  which  do  not  liquefy  gela- 
tine or  curdle  milk,  which  is  ultimately  rendered  alkaline. 
This  group  includes  B.  enteritidis  of  Gaertner,  the  paracolon 
and  the  paratyphoid  bacilli. 

Streptococci  in  water  usually  denote  recent  and 
dangerous  pollution  of  water  with  sewage  matter 
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They  are  absent  from  even  large  quantities  of  pure 
water  and  from  virgin  soils. 

3.  Pathogenic  bacteria. — The  two  chief  types  are 
the  typhoid  bacillus  and  the  cholera  bacillus.  As 
a  rule  pathogenic  germs  occur  in  water  scantily 
and  intermittently.  They  gain  access  at  the  source  or 
gathering  ground,  in  the  course  or  from  drainage  and 
sewers,  or,  thirdly,  in  the  home  of  the  consumer. 

Bacteriological  examination  of  water.  —  Strict 
cleiinliness  must  be  observed  in  collecting  samples  for  bac- 
terioscopic  examination.    Only  sterilized  vessels  or  flasks  must 
be  used  (by  heating  to  150'  C.  for  2-3  hours),  and  great  care 
must  be  taken  in  manipulation  at  time  of  collecting  the  sample 
in  order  to  avoid  the  smallest  degree  of  external  pollution. 
The  object  of  bacteriological  examination  of  water  is  fourfold. 
{a)  The  average  number  of  microbes  per  c  c.  on  a  medium  in- 
cubated at  room  temperature  (20-22"  C.) ;  {b)  search  for  B  coli 
and  Its  identificHtion  in  0-1,  1-0,  and  10  c.c;  {c)  enumeration 
ot  bacteria  capable  of  growing  at  blood-heat  (36-38°  C  )  •  (d) 
search  for  and  enumeration  of  special  microbes.   Small  quanti- 
ties of  the  water  to  be  examined  (0-1,  0-2,  or  0-3  c.c.)  are  added 
to  tubes  of  sterile  liquefied  gelatin,  which  are  then  poured 
into  sterihzed  Petri  dishes.    The  gelatin  solidifies,  and  the 
plates  are  incubated  at  20-22°  C.,  and  examined  day  by  day 
Soon  after  the  lapse  of  24  hours,  colonies,  arising  from  originai 
individual  bacteria,  appear.    These  are  examined  by  naked  eye 
and  microscope,  and  subcultures  made  in  test-tubes  conlainino- 
suitable  media  -  gelatin,  broth,  milk,  agar,  bile  and  suga? 
media   etc.    Thus  the  number  of  organisms  per  c.c.  can  be 
estimated,  and  the  species  isolated  and  separately  studied 
m      pure  culture"   under  favourable   conditions.  Culture 
p  ates  should    also   be  made  for  incubation  at  blood  heat 
bhde  preparations,  stained  or  unstained,  should  be  made  for 
microscopical  examination. 

Some  bacteriologists  prefer  to  take  a  sterilized  Ecikefeld 
Wter  and  pump  or  aspirate  through  it  1,000-2,000  c  c  of  the 
water  under  examination,  and  with  a  sterilized  brush  transfer 
the  particulate  matter  which  has  collected  on  the  candle  of 
the  filter  into  10  c.c.  of  water  or  broth.  This  is  now  a  con- 
centration or  emulsion  of  the  organismal  content  of  L 
water,  and  may  be  plated  out  as  above  or  examined  for  special 
organisms  {B.  enteritis  sporogam,  B.  coli,  B.  typhosus  stre 
tococci,  or  sewage  organisms).  '  fe"ep 
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Other  bacteriologists,  aiming  mainly  at  the  detection  of 
organisms  of  intestinal  typo,  examine  for  (a)  average  number 
of  microbes  loer  c.c.  on  gelatin  at  20-22°  C.  on  third  day;  {b) 
B.  enteritidiH  sporogenes  in  0*1,  TO  and  10  c.c.  respectively; 
and  {c)  B.  coU  in  O'Ol,  0-1,  I'O,  10,  and  100  c.c.  respectively. 
Houston  adopts  the  above  method  and  tests  for  B.  coli  as 
follows:  Inoculate  bile-salt-glucose  peptone  with  0 '1-100  c.c. 
of  water ;  after  forty-eight  hours'  incubation  at  blood  heat  the 
presence  of  gas  necessitates  secondary  cultures  to  determine 
\a)  fermentation  of  glucose  or  lactose  or  both;  (i)  the  produc- 
tion or  not  of  acid  ;  (c)  indol  in  peptone  water ;  and  [d)  negative 
result  in  saccharose  (cane  sugar). 

Oases  ill  water. — A  litre  of  water  can  dissolve 
25  c.c.  of  oxygen,  46  c.c.  of  nitrogen,  and  1,000  c.c.  of 
carbonic  acid  at  ordinary  temperature  and  pressure. 
These  gases  are  usually  present  in  natural  waters, 
but  the  proportions  are  very  variable,  being  largely 
dependent  upon  the  source  of  the  water,  the  degree 
of  pollution  and  of  exposure  to  air,  and  also  upon 
vegetable  growth  ;  chalk  and  limestone  waters  contain 
excess  of  carbonic  acid.  The  gases  in  a  pure  water  often 
contain  30  per  cent,  of  their  volume  of  oxygen. 
They  may  be  extracted  for  the  purpose  of  quantitative 
analysis  by  means  of  a  Sprengel  pump,  or  by  boiling 
the  water  for  an  hour,  and  collecting  over  a  mercurial 
trough.  Potash  will  then  absorb  the  carbonic  acid, 
and  potassium  pyrogallate  or  sodium  hyposulphite  will 
remove  the  oxygen,  leaving  a  residue  of  nitrogen 
alone. 

For  the  determination  of  oxygen  alone.  Thresh  adds 
measured  quantities  of  sulphuric  acid,  sodic  nitrite  and 
potassic  iodide,  to  a  measured  volume  of  water  (about  2o0  c  c.), 
in  a  vessel  which  must  be  full  to  the  stopper,  so  as  to  exclude 
atmospheric  oxygen.  The  nitrous  acid  acts  as  a  "  carrier 
until  all  the  dissolved  oxygen  is  exhausted,  hberatmg  a 
proportionate  amount  of  iodine.  The  water  is  then  run  into  a 
bottle,  through  which  a  current  of  coal-gas  is  being  passed,  and 
standard  hvposulphite  is  added  from  a  burette  until  the  yeliow 
colour  due"to  iodine  disappears,  the  final  point  being  accurately 
determined  by  adding  a  little  starch,  which  gives  a  blue  colour 


HI]        MINERAL  SALTS  IN  WATER 


65 


as  long  as  any  trace  of  free  iodine  remains.  The  hyposulphite 
solution  is  of  such  strength  (77o  gnn.  per  litre)  that  1  c.c. 
corresponds  to  j  mg.  of  oxygen.  A  correction  is  required  for 
the  oxygen  contained  in  the  reagents  used,  a  blank  test  being 
made  for  the  purpose.  The  amount  of  dissolved  oxygen  per 
litre  of  water  is  then  readily  calculated. 

Sulphuretted  hydrogen  or  marsh  gas  may  be  found, 
the  former  due  to  muieral  sulphides  such  as  pyrites, 
or  to  decomposition  of  sulphates  by  organic  matter, 
the  latter  to  fermentation  of  vegetable  matter  in 
stagnant  pools,  or  to  pollution  by  coal-gas.  Traces  of 
ammonia  are  usually  present. 

Well  aerated  waters  are  bright,  lustrous,  and 
agreeable  to  the  palate.  This  is  especially  the  case 
with  water  from  wells  or  springs,  of  medium  depth,  in 
calcium  carbonate  formations — the  low  temperature 
and  greater  pressure  combining  to  increase  the  charge 
of  carbonic  acid.  The  absence  of  dissolved  gases  in 
distilled  water  renders  it  flat,  dull,  and  unpleasant  to 
taste. 

MINEEAL  SALTS 

Mineral  salts  are  derived  from  the  strata  with 
which  the  water  has  been  in  contact.  They  may 
include  chlorides,  sulphates,  carbonates,  silicates, 
nitrates,  nitrites,  and  phosphates,  the  bases  being  lime, 
magnesia,  soda,  potash,  alumina,  or  iron,  and  more 
rarely  lead,  zinc,  copper,  manganese,  or  arsenic. 

The  proportion  of  salts  present  ranges  from  prac- 
tically nil  in  rain-water,  or  pure  moorland  water,  to 
300,  or  more,  parts  per  100,000  in  "mineral"  waters 
or  brackish  water  from  the  coast.  In  water  for  drink- 
ing it  should  not  exceed  60  parts  per  100,000,  and  a 
good  water  will  not  contain  more  than  about  40  parts. 
An  excess  of  mineral  salts  in  general  leads  to  digestive 
disturbances,  in  the  form  of  dyspepsia,  diarrhoea,  or 
constipation  ;  but  this  effect  is  largely  dependent  upon 
the  nature  of  the  salts  present. 
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Cliloi-idcs,  estimated  as  chloi'ine,  may  reach  the 
proportion  of  10  parts  per  100,000  in  organically 
pure  water  from  the  New  Red  Sandstone,  Greensand, 
and  other  saliferous  formations.  Brackish  water  and 
sea  water  contain  excess  of  chlorine.  In  general,  how- 
ever, good  waters  contain  not  more  than  about  2  or  3 
parts  per  100,000,  and  rain  water  and  peaty  waters 
little  or  none.  Water  from  surfaces,  shallow  wells, 
or  other  sources  open  to  contamination  should  be 
regarded  with  suspicion  if  it  contains  more  than  10 
parts  of  chlorine,  especially  if  there  is  also  excess  of 
ammonia,  organic  matter  or  oxidized  nitrogen,  all  these 
being  significant  of  sewage  or  animal  pollution. 

Tests.  1.  Qualitative. — A  solution  of  silver  nitrate  gives 
a  turbidity  or  a  precipitate  according  to  the  amount  of 
chlorine  present. 

2.  Quantitative. — A  standard  solution  of  silver  nitrate  is 
employed,  containing  4*588  grm.  per  litre,  so  that  each  c.c. 
corresponds  to  1  mg.  of  chlorine,  according  to  the  equation 
AgNOs  +  NaCl  =  Na]Sr03  +  AgCl.  A  hundred  c.c.  of  sample 
water  are  taken  in  a  white  porcelain  dish,  a  few  drops  of  a 
solution  of  potassium  chromate  are  added  as  an  "  indicator,"  and 
the  silver  solution  is  then  dropped  in  from  a  burette,  with 
constant  stirring,  until  a  faint  permanent  red  tinge  appears, 
showing  that  the  chlorine  is  exhausted,  and  silver  chromate 
is  begimiing  to  be  formed  in  place  of  chloride.  If  the  100  c.c. 
of  sample  water  take  x  c.c.  of  silver  solution  before  the  red 
tint  appears,  there  are  x  mg.  of  chlorine  in  the  100  c.c,  and, 
therefore,  a?  x  10  mg.  per  litre.* 

Sulphates  are  usually  estimated  as  sulphuric 
anhydiide,  SOg.  The  most  important  are  calcium  and 
magnesium  sulphate,  which  are  liable  to  cause  dyspep- 
sia''and  diarrhoea  in  persons  unaccustomed  to  the  use 
of  water  containing  these  salts.  Hence  limestone  and 
dolomite  waters,  which  may  hold  5  to  20  parts  per 
100,000  of  calcium  sulphate,  are  less  wholesome  than 

*  1  ms.  per  litre  =  O'l  part  per  100,000,  and  1  gr.  per  gallon  =  1  part  per 
70,000.  Hence  x  gr.  per  gallon  =  x  mg.  per  litie,  and  y  mg.  per  litre 
=V5o;2/gi".  per  gallon. 
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chalk  water,  which  contains  none.  Dolomite  water 
diflers  from  limestone  water  in  containing  magnesium 
sulphate,  but  less  calcium  sulphate.  Some  waters  con- 
tain sodium  sulphate.  The  acidity  of  certain  peatv 
moorland  waters  that  act  upon  lead  has  been  attri- 
buted to  the  formation  of  acid  sulphates  by  the 
oxidation  of  sulphides  (pyrites)  or  of  sulphurous  acid 
absorbed  from  smoky  air. 

w;  J^"'"";  \  Q^^<^litative.~K  solution  of  barium  chloride 
p^ipLte"  i^ydrochloric  acid,  will  give  a  white 

2.  ^?^5i^?ii^^fe_200  C.C.  of  sample  water  are  boiled 
treated  wi  h  a  htt  e  hydrochloric  acid  and  slight  excess  of 
barxam  chloride  so  ution.  and  then  boiled  again\nd  filtered 
The  precipitate  collected  on  the  filter  is  washed,  xSd 
and  weighed  as  barium  sulphate,  BaSO,.  Given  the  weiSt  of 
BafeO,  from  200  c  c.,  the  corresponding  proportion  of  SO  per 
litre  will  be  readily  calculated.  ^  i'   i     luii  oi  oug  pei 

OnW  rm?''''^f  ~T  "^^"^"^^  bicarbonate, 

^^^2(00  )2,  IS  found  m  almost  all  well  and  sprino- 

waters     It  occurs  in  excess  in  chalk,  limestone;  and 

dolomite  water,  but  it  is  wanting  in  rain  and  ^eaty 

water.    It  is  precipitated  by  boiling,  in  the  form  of 

normal  calcium  carbonate,  CaCO,.    Mao-nesium  bicar 

bonate  MgH,(C03)„  found  in  doLm iterate"  beh^^^^^^^^ 

similarly,  but  partially  redissolves  on  cooling.  Sodium 

cadoonate,  Na.Co    may  be  found  in  natural  waters 

and  may  give  them    an  alkaline   reaction.  Free 

carbonic  acid  exists  in  all  waters,  and  if  in  excess 

renders  them  sparkling  and  palatable.    Apart  from 

this,  the  importance   of  the   carbonates  ^n  wS 

c  epends  entirely  upon  the  bases  they  contain.  The 

determmation  of  temporary  hardness"^  will  show  the 

amoun  of  calcium  and  magnesium  carbonates 

found^rwater.  ^^^"^"^  % 
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washed  with  boiling  distilled  water ;  then  it  is  once  more  dried, 
ignited,  treated  with  acid,  and  waslied  with  boiling  water. 
The  final  residue  ia  silica,  and  may  be  weighed  as  such  after 
drying. 

Nitrates  and  nitrites,  like  chlorides,  are  harm- 
less in  themselves,  but  if  found  in  a  water  exposed  to 
risk  of  pollution  may  suffice  to  condemn  it  for  use. 
Nitrates  may  be  found  in  pure  water  from  deep  wells 
in  the  chalk,  but  as  a  rule  they  are  due  to  oxidation 
of  nitrogenous  organic  matter  of  animal  origin.  Even 
if  accompanied  by  only  a  small  proportion  of  organic 
matter,  nitrates  in  water  from  a  source  open  to 
suspicion  must  be  regarded  as  oxidized  filth,  which 
may  at  any  time  be  followed  by  unoxidized  filth, 

Frankland  emphasized  this  view  by  recording  all 
the  inorganic  nitrogen  present, whether  in  the  form  of 
nitrates  "or  nitrites,  or  ammonia,  as  due  to  jjrevious 
sewage  contamination,  irrespective  of  its  probable 
orip-in,  recent  or  remote.  He  makes  a  deduction, 
however,  of  0-032  part  per  100,000,  as  the  average 
amount  of  nitrogen  in  the  i-ain-water  which  must 
have  been  the  ultimate  source  of  supply.  Average 
London  sewage  is  estimated  to  contain  about  10  parts 
of  nitrogen  in  100,000  of  sewage,  so  that  1  part  of 
nitrogen  represents  "  previous  sewage  contamination  " 
to  the  extent  of  10,000  parts. 

An  example  will  make  the  mode  of  calculation  clear.  A 
sample  of  water  is  found  to  contain  3-1322  parts  of  oxidized 
nitroo-en  (i.e.  nitrogen  as  nitrites  and  nitrates)  per  100  000 
parts  of  the  water;  and  also  0-0034  part  of  ammonia,  which  is 
obviously  equivalent  to  0-0028  part  nitrogen.  The  "  inorganic 
nitroo-en"  is  therefore  3-1322  +  0-0028,  or  3-13o0  parts  per 
100  000  From  this  must  be  deducted  0-032,  as  a  correction 
for  'the  nitrogen  in  average  rain-water,  lea^1ng  3 030  inor- 
ganic nitrogeS,  and  this  multiplied  by  10,000  gives  31  030  per 
100  000)  of  "previous  sewage  contamination.  in  otner 
words  if  31,030  parts  of  average  London  sewage  J^ad  been 
diluted  with  68,970  parts  of  average  ram-water,  and  all  the 
nitroo-en  then  converted  into  nitrates,  nitrites,  or  ammonia, 
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the  result  would  be  a  water  of  the  composition  of  the  sample 
so  far  as  the  proportion  of  inorganic  nitrogen  is  concerned. 

The  process  of  nitrification,  by  which  nitrogenous 
organic  matter  in  water  or  in  the  soil  is  oxidized, 
with  formation  of  nitrates,  is  due  in  great  measure  to 
the  action  of  microbes.  Under  other  conditions,  which 
are  not  clearly  understood,  nitrates  may  be  reduced  by 
microbes  or  by  contact  with  oxidizable  matter,  yielding 
nitrogen  or  even  ammonia. 

Nitrites,  as  a  rule,  indicate  more  recent  and 
therefore  more  dangerous  pollution  than  can  be 
inferred  from  the  presence  of  nitrates.  They  readily 
pass  into  nitrates.  A  high  oxidized-nitrogen  figure^ 
combined  with  excess  of  free  ammonia^  organic  am- 
rnonia,  and  "  oxygen  absorbed,"  shows  that  the  oxida- 
tion and  destruction  of  organic  matter  is  incomplete, 
and  therefore  dangerous. 

A  variety  of  standard  terms  has  been  proposed 
for  the  quantitative  statements  of  nitrates  and  nitrites. 
The  expression  "  oxidized  nitrogen  "  is  adopted  here,' 
and  is  precisely  equivalent  to  "nitrogen  as  nitrates  and 
nitrites  "  and  to  "  nitric  nitrogen."  "  Previous  sewage 
contamination  "  has  already  been  explained.  Wanklyn 
gives  his  results  in  terms  of  "nitric  acid,"  HNOg. 

Water  from  springs  and  deep  wells  contains  upon 
an  average  about  -5  parts  of  oxidized  nitrogen  per 
million,  shallow-well  waters  from  2  to  200  parts. 

Tests  for  Oxidized  Nitrogen  * 
1.  Qualitative. 

a.  Dij}ltemjlamine  test.—K  2  per  cent,  solution  of  diphenyl- 
amine  m  strong  suliihuvic  acid  is  spread  out  in  a  thin 
layer  upon  a  white  porcelain  plate.  A  drop  of  the 
sample  water  is  allowed  to  fall  in  the  centre,  and  any 
trace  of  oxidized  nitrogen  is  revealed  in  a  few  seconds 
by  a  blue  tint  throughout,  or  at  the  line  of  contact. 

^.  Horsleifs  tesL—Tv^o  c.c.  of  pure  sulphuric  acid  are  added 
*  Tliafc  is,  for  nitrates  or  nitrites  indiflereutly. 
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to  1  c.c.  of  the  water,  and  then  a  drop  of  pyrogallic 
acid  solution.  A  pink  or  blue  tint  appears,  changing 
to  brown  ;  it  disappears  momentarily  upon  shaking, 
but  soon  returns. 

7,  Brucine  test— A  drop  of  pure  sulphuric  acid  and  a 
crystal  of  brucine  added  to  the  dry  residue  of  2  c.c. 
(or  more)  of  the  water  will  give  a  pink  or  yellow  tint 
even  with  minute  traces  of  oxidized  nitrogen. 

2.  Quantitative. 

S.  Aluminum  process. — Two  grm.  of  sodium  are  dissolved 
in  100  c.c.  distilled  water  so  as  to  obtain  a  pure  solu- 
tion of  caustic  soda  free  from  nitrates;  100  c.c.  of 
sample  water  and  a  piece  of  aluminium  foil  are  added. 
In  the  course  of  a  few  hours  all  the  oxidized  nitrogen 
is  converted  into  ammonia,  which  is  distilled  off  and 
Nesslerized.  Each  mg.  of  ammonia,  after  deducting 
the  free  ammonia  originally  present  in  the  sample, 
corresponds  to  0-82  mg.  of  oxidized  nitrogen  in  the 
100  c.c.  of  sample. 

e.  Zinc- copper  process. — Zinc  foil  is  coated  with  copper  by 
exposure  to  a  solution  of  copper  sulphate  until  it 
becomes  black.  It  is  then  put  into  a  bottle  with 
250  c.c.  of  the  sample  water  and  0-5  grm.  oxalic  acid, 
and  left  for  twenty-four  houi's.  As  in  the  aluminium 
process,  all  the  oxidized  nitrogen  is  converted  into 
ammonia  and  measured  as  such  by  N esslerizing. 

All  the  preceding  tests  are  for  nitrates  and  nitrites  alike. 
The  following  apply  to  nitrites  only  : — 

(1)  Ilosvay's  solution,  containing  sulphanilic  and  acetic 
acids  and  naphthylamine,  is  an  extremely  delicate  test.  A  few 
drops  added  to  water  give  a  rose  tint  if  any  trace  of  nitrate  is 
present. 

(2)  One  drop  each  of  phenol  and  sulphanilic  acid  solution, 
and  then  ammonia,  will  give  a  yellow  colour. 

(3)  The  addition  of  starch  solution,  potassium  iodide  solution, 
and  dilute  sulphuric  acid  causes  a  blue  tint,  due  to  liberation 
of  iodine  by  nitrous  acid  and  consequent  formation  of  iodide  of 
starch. 

(4)  Meta-phenylene-diamine  solution  with  dilute  sulphuric 
acid  (1  c.c.  of  each  to  100  c.c.  of  water)  will  give  an  orange-red 
colour  after  standing  a  few  minutes.  [Griess.) 
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Pliospliatcs  are  not  of  common  occurx-ence  except 
in  minute  traces.  They  are,  for  the  most  part,  indica- 
tive of  remote  animal  pollution,  but  their  presence 
need  not  condemn  a  water  if  other  indications,  are 
satisfactory. 

_  Test. — The  water  is  concentrated  to  250  c.c.  being 
boiled  down  to  5  c.c.  Nitric  acid  is  added,  and  then  sohition  of 
ammonium  molybdate.  If  phosphates  are  present,  a  yellow 
colour  will  appear,  and,  on  standing,  a  precipitate  of  ammonium 
phospho-moly  bdate. 

Sulphides  are  said  to  result  from  the  reduction  of 
sulphates  by  Beggiatoa,  and  perhaps  from  contact  with 
iron  pyrites.  Carbonic  acid  liberates  sulphuretted 
hydrogen  from  sulphides.  They  are  readily  detected 
by  smell,  and  by  the  following  : — 

Tests,— A  solution  of  lead  acetate  (or,  still  better,  a 
solution  of  lead  hydrate  in  caustic  soda)  will  give  a  black- 
precipitate  in  presence  of  sulphides. 

A  solution  of  sodium  nitro-prusside  will  give  a  purple  colour 
with  sulphides,  but  not  with  free  sulphuretted  hydrogen.  It 
IS  therefore  safer  first  to  add  caustic  alkali. 

Lime  is  the  most  important  of  the  mineral  con- 
stituents of  drinking  water.  It  occurs  mainly  as 
bicarbonate  and  sulphate ;  a  good  water  should  not, 
as  a  rule,  contain  more  than  20  parts  per  100,000 
of  the  former,  or  5  of  the  latter.  In  excess  it 
causes  constipation  when  used  for  drinking,  and  is 
wasteful  for  washing  purposes,  since  it  renders 
the  water  extremely  hard  unless  previously  boiled. 
On  the  other  hand,  absence  of  lime  salts  is  held  to  be 
disadvantageous,  because  lime  is  required  in  the  system, 
and  also  for  the  more  practical  reason  that  soft  waters 
are,  as  a  rule,  less  palatable  than  those  of  moderate 
hardness,  and  often  dissolve  lead  from  household 
service  pipes.  Horses  are  said  to  become  rough 
in  the  coat  if  supplied  with  very  hard  water.  Cal- 
cium sulphate  is  injurious  (as  already  stated),  and 
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renders  water  permanently  hard.  Calcium  nitrate  and 
butyrate  have  been  found  in  waters  tliat  have  caused 
diarrhoea  and  other  symptoms  of  intestinal  irritation. 

Test.— Ammonium  oxalate  solution  will  give  a  turbidity 
or  a  precipitate  according  to  the  amount  of  lime  added. 
This  precipitate  from  a  measured  quantity  of  sample  may  be 
collected  on  a  filter,  washed,  dried,  ignited,  and  then  weighed 
as  calcium  oxide. 

ITlag-nesia  occurs  chiefly  as  carbonate  and  sul- 
phate, in  water  derived  from  magnesian  limestone.  It 
renders  water  hard,  and  although  the  carbonate  is 
thrown  down  by  boiling,  it  redissolves  on  standing. 
Magnesium  salts  cause  dyspep.sia  and  diarrhoea. 

Tests. — All  the  lime  is  first  removed  by  adding  powdered 
oxalate  of  ammonia,  and  filtering. 

{a)  The  filtrate  is  tested  for  hardness  in  the  usual  way. 
Any  hardness  beyond  that  of  pure  water  is  due  to  magnesia, 
and  each  "degree"  corresponds  to  0-56  gr.  of  magnesium  car- 
bonate per  gallon. 

(5)  To  the  filtrate  are  added  sodium  phosphate,  ammonium 
chloride,  and  excess  of  imre  ammonia,  In  24  hours  the  precipi- 
tate of  triple  phosphate,  NH4MgP04,  is  collected,  washed  on  a 
filter  with  strong  ammonia,*  ignited,  and  weighed  as  mag- 
nesium jayrophosphate  (MgOjaP^Og. 

Soda  salts  are  almost  omnipresent,  and  few  waters 
are  free  from  sodium  chloride  in  small  amount.  The 
sulphate  occurs  m  excess  in  some  mineral  waters,  and 
the  carbonate  also  is  common,  sometimes  in  sufficient 
quantity  to  render  the  water  alkaline. 

Iron  is  an  occasional  ingredient  in  natural  waters, 
to  which  it  gives  a  characteristic  inky  (chalybeate) 
taste.  It  is  also  frequently  derived  from  iron  tanks  or 
pipes  through  which  the  water  has  passed.  Water  is 
unsuitable  for  drinking  if  it  contains  more  than  1  gr. 
of  iron  per  gallon — that  is,  1-5  parts  per  100,000. 

*  Triple  pliosphate  is  soluble  in  water.  II;  is  necessary  to  allow 
1  rag.  of  magnesium  pliosphate  as  lost  for  every  50  c.c.  of  wash. 
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Ferruginous  waters  are  said  to  be  liable  to  cause 
dyspepsia,  headache,  and  malaise  in  those  unaccustomed 
to  their  use.    Iron  adds  to  the  hardness  of  water. 

Tests.  1.  Qualitative. — Ammonium  sulphide  gives  a  dark 
colour  (lost  on  adding  acid),  potassium  ferrocyanide  a  blue,  and 
potassium  sulphocyanide  (after  acidulating  with  nitric  acid)  a 
red  tint. 

2.  Quantitative. — A  standard  solution  containing  1  mg. 
of  iron  in  1  c.c.  is  made  by  dissolving  4-96  grm.  of  crystallized 
terrous  sulphate  in  a  litre  of  water;  if  greater  precision  is 
desired,  the  solution  may  he  diluted  to  J^^,  so  that  1  c.c.  = 
mg.  of  iron.  Fifty  c.c.  of  sample  water  and  50  c.c.  of  distilled 
water  are  placed  in  Nessler  glasses  (p.  82)  side  by  side,  and 
to  both  a  trace  of  ammonium  sulphide  is  added.  The  black  tint 
produced  m  the  former  is  exactly  matched  in  the  latter  by 
adding-  successive  c.c.  of  iron  solution  imtU  the  right  shade  is 
reached.  The  amount  added  (to  the  50  c.c.)  being  known,  the 
proportion  per  litre  (i.e.  per  1,000  c.c.)  will  be  just  twenty-  ' 
told,  and  will  give,  of  course,  the  milligrammes  per  litre,  or 
parts  per  million,  of  iron  in  the  sample  water. 

Lead,  rarely  present  in  natural  waters,  is  some- 
tmaes  absorbed  from  leaden  pipes  or  cisterns.  The 
action  is  probably  twofold.    First,  the  metal  is  acted 
upon  by  the  oxygen  dissolved  in  tiie  water,  aided 
possibly  by  oxidized  nitrogen  serving  as  a  "carrier" 
of  oxygen.    Next,  the  lead  oxide  thus  formed  may  be 
dissolved,  more  readily,  of  course,  if  the  water  be  acid 
or  may  be  washed  away  by  the  current  in  a  state  of 
fine  powder.    If,  however,  the  water  contains  calcium 
carbonate    there  is  formed  on  the  surface  of  the 
lead  a  protective  coating,  insoluble  and  not  readily 
dLslodged.    Hence  it  is  found  that  plumbo-solvent 
action  is  comparatively  rarely  associated  with  well 
or  spring  or   river  waters,    but   quite  commonly 
with  rain-water  or  soft  moorland  waters,  especially  if 
they  have  an  acid  reaction.    Moorland  gathering 
grounds  are  usually  rich  in  peat  which  has  an  acid 
reaction,  and  thus  water  draining  from  it  is  acid  and 
affects  lead.    Nitrates,  chlorides,  or  excess  of  carbonic 
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acid  or  organic  matter  have  been  found  to  increase 
the  corrosion,  while  silicates  and  many  other  sub- 
stances exert  some  protective  action. 

The  acid  reaction  and  consequent  intense  plumbo- 
solvent  efFect  of  certain  moorland  waters  has  been 
attributed  to  acid  sulphates  (due  to  the  oxidation  of 
iron  pyrites,  FeSg  +  HgO  +  70  =  FeSO^  +  H,SO,), 
to  sulphurous  or  other  acid  in  rain,  or  to  the  in- 
definite acid  compounds  found  in  soil,  and  sometimes 
termed  humic  and  ulmic  acid.  In  some  cases  it  is 
caused  by  excess  of  carbonic  acid ;  but  in  the  main 
the  acidity  is  that  of  peat,  due,  according  to  Houston, 
to  acid -producing  bacteria  in  the  peat.  He  has  shown 
that  a  mixture  of  micro-organisms  obtained  from  peat, 
when  introduced  into  a  sterile  decoction  made  solely 
from  peat,  not  uncommonly  renders  the  peat  decoc- 
tion acid  and  plumbo-solvent  in  character.  Further, 
Houston  has  isolated  two  non-motile,  non-liquefying 
bacteria  from  peat  soil  which  possess  separately  the 
properties  as  regards  acidity  and  plumbo-solvency 
observed  in  the  mixture  of  peat  microbes.  Acidity  in 
water  is  more  marked  in  the  first  flow  when  rain 
follows  drought,  owing,  no  doubt,  to  the  washing  out 
of  the  acid  accumulated  in  the  peat ;  and  least  marked 
in  dry  weather,  when  the  contribution  from  springs  is 
relatively  largest.  Where  peat  is  abundant,  and  springs 
are  relatively  few  and  small,  acidity  and  plumbo- 
solvent  ability  may  be  anticipated.  But  in  the 
absence  of  carbonate  of  lime,  the  power  of  acquiring 
lead  is  shared  in  considerable  degree  by  many  neutral 
and  even  slightly  alkaline  moorland  waters,  including 
those  in  which  the  acid  peat  washings  have  been 
neutralized  by  admixture  with  spring  water.  Tidy 
and  Odling  attributed  the  lead-dissolving  power  to 
the  absence  of  silica,  and  bi^ought  forward  evidence  to 
show  that  this  inverse  relationholds  good  in  a  number  of 
water  supplies.    There  are,  however,  many  exceptions. 
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Even  distilled  water,  or  solution  of  sodium  carbonate 
in  distilled  water,  will  attack  lead. 

In  1887  Sinclair  White  called  attention  to  the 
prevalence  of  plumbism  among  the  consumers  of  the 
high-level  water  at  Sheffield,  and  disastrous  conse- 
quences have  resulted  in  other  Yorkshire  tov/ns  and 
elsewhere  from  the  distribution  of  jDlum bo-solvent 
water  through  lead  pipes.  In  1908  the  Local  Govern- 
ment Board  furnished  particulars  of  48  water  under- 
takings in  which  vigilance  was  necessary  to  prevent 
plumbo-solvency. 

Various  remedial  measures  have  been  tried.  One 
plan  is  to  expose  the  water  to  fragments  of  limestone, 
and  conduits  have  been  lined  with  the  same  material, 
but  it  soon  becomes  inert,  owing  to  incrustation, 
and  frequent  renewal  of  the  surface  is  necessary. 
Measured  quantities  of  lime  have  also  been  added 
(2  to  3  gr.  to  the  gallon).    A  more  effective  method 
is  to  add  powdered  chalk  or  whitening  (l^  gr.  to  the 
gallon),  while  in  some  instances  carbonate  of  soda  is 
used  (500  gallons  of  soda  solution,  1  lb.  to  the  gallon, 
are  added  to  one  million  gallons  of  acid  water).  In 
some  towns  reliance  is  placed  upon  filtration  through 
calcareous  sand,  which,  however,  becomes  exhausted 
in  time  and  needs  renewal.    In  pursuance  of  Tidy's 
hypothesis,  the  water  has  been  charged  with  traces  of 
silica  by  filtration  through  powdered  granite  or  flint. 
It  is  at  least  possible  that  the  mischief  is  not  always 
due  to  the  same  cause,  and  that  no  one  line  of  treat- 
ment is  suitable  in  all  cases.    Houston  recommends 
ordinary  sand-filtration,  with  the  addition  of  some 
neutralizing  material  to  the  filter  (e.g.  a  thin  coating 
of  hme  on  the  surface  of  the  sand  with  limestone 
underneath  the  sand)  and  the  subsequent  addition  of 
a  trace  of  sodium  carbonate  to  the  neutral  filtered 
water. 

Many  waters,  fortunately,  are  sufficiently  pro- 
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tected  by  the  salts  they  contain.  Calcium  sulphate 
IS  less  protective  than  the  carbonate,  and  magnesium 
less  than  calcium  salts.  A  crust  is  formed  upon  the 
interior  of  lead  pipes,  composed  of  carbonate  and  sul- 
phate of  lead,  lime,  and  magnesia  (or  such  of  them 
as  are  present  in  the  water),  and  chloride  of  lead 
Carbonate  of  lead  is  difficult  of  solution  except  in  water 
diarged  with  excess  of  carbonic  acid  under  pressure. 
Pipes  which  are  new,  which  are  bent  against  the  grain, 
or  which  are  alternately  full  and  empty,  are  more 
attacked  than  others.  The  maximum  amount  of  lead 
IS  found  in  water  that  has  stood  for  some  time  in  the 
pipes,  over-night  for  example.  Lead  is  now  chemically 
purer  than  was  usual  in  former  years,  owing  to  the 
profitable  removal  of  silver  and  other  metals  with 
which  it  is  found  associated,  and  it  would  appear  that 
the  purer  lead  is  more  readily  acted  upon  by  water. 

Many   substitutes   for  ordinary  lead  pipes  are 
now  available,  and  where  there  is  any  tendency  to 
solvent  action  one  or  other  of  these  should  be  adopted. 
Compound  pipes  have  long  been  in  use,  the  interior  of 
which  is  block-tin  and  the  exterior  lead;  the  two 
metals  are  solidly  united  throughout,  and  the  pipe  can 
be  bent  without  fracturing  the  tin.    A  less  reliable 
protective  lining  to  lead  pipes  may  be  found  in  tar 
or  bitumen.    Iron  pipes  are  more   satisfactory  in 
every  respect,  except  their  rigidity,  which  renders 
them  difficult  to  adapt  to   the   bends   and  turns 
that  are  needed  in  houses.     Plain  iron  pipes  may  be 
employed,  with  some  risk  of  trouble  from  rusting. 
Tin-lined,  glass-lined,  or  galvanized  iron  pipes  may 
be  used,  and   among  other  protective  coatings  may 
be  mentioned  Angus  Smith's  varnish  and  collodion. 
Theoretically,  the  rustless  Bartf  iron  offers,  the  greatest 
advantages  for  this  purpose ;  iron  pipes  of  ordinary 
construction  are  exposed  while  hot  to  superheated 
steam,  and  thereby  acquire  a  thin  coating  of  magnetic 
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oxide,  Fe^O^,  wliicli  renders  them  free  from  liability 
to  rust  as  long  as  the  coating  is  unbroken.  Unfortu- 
nately the  film  is  easily  dislodged  in  the  process  of 
fitting.  If  it  is  not  jDossible  to  change  the  supply  of 
water,  or  to  prevent  it  by  chemical  means  from  acting 
upon  lead,  or  to  keep  it  from  coming  into  contact  with 
lead,  recourse  must  be  had  to  palliative  measures.  The 
water  must  always  be  run  oft'  for  a  few  minutes  in  the 
morning,  and  again  before  drawing  it  for  drinking  pur- 
poses. All  that  is  used  for  drinking  or  for  cooking 
should  be  filtered  through  some  medium  containing 
animal  charcoal.  Such  filters  possess  the  power  of 
removing  lead  from  solution,  owing  probably  to  the 
phosphates  which  they  contain  forming  an  insoluble 
lead  salt. 

_  No  water  should  be  used  for  drinking  that  con- 
tains any  trace  of  lead,  for,  however  minute,  its 
presence  indicates  danger  and  it  is  cumulative  in 
action  ;  moreover,  the  sample  may  not  represent  either 
the  seasonal  or  daily  maximum. 

Among  the  symptoms  caused  by  lead-poisoning  are 
ana-mia,  depression,  dyspepsia,  constipation,  colic,  and 
paralysis  of  the  extensor  muscles  of  the  liand,  leading 
to  wrist-drop.  A  characteristic  blue  line  appears  along 
tlie  edges  of  the  gums,  due  to  the  formation  of  sulphide 
of  lead  in  the  tissue.  Optic  neuritis  may  be  found. 
It  has  been  observed  that  abortion  is  common  in 
districts  where  lead-poisoning  prevails,  and  sometimes 
to  such  a  degree  as  materially  to  lower  the  birth-rate. 
The  relation  between  lead-poisoning  and  gout  and 
kidney  disease  is  referred  to  elsewhere. 

Tests*  I.  Qualilative. —{a)  B.^  gives  a  brown  tint  if  a 
trace  ot  .lead  is  present,  and  a  black  precipitate  ii  much  • 
neither  n  affected  by  acid,    [h)  A  solution  of  potassium  bi- 

f  ni'lV''"""^'-^  ^''^^  P'»*^>  fl'-iwu  from  the  pipe  after 

imJlS'    ' °  ^^'''^"'•e  t'le  maximum 
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chromate  (1  gr.  per  oz.)  droppod  into  a  tall  glass  of  water,  falls 
slowly  causing  an  opaque  yellow  cloud  if  there  is  any  lead 
in  solution. 

2.  Qiiantitalive.—A.  standard  solution  containing  0-1  mg 
ot  lead  in  1  c.c.  is  made  by  dissolving  0-1831  trrm.  of  crvstal- 
lized  lead  acetate  in  a  litre  of  distilled  water.  The"  pro- 
cedure  18  the  same  as  in  testing  for  iron,  but  the  water  should 
be  made  acid. 

Acidilij  of  ivater  and  phonbo-solvenct/  sbould  also  be  tested 
for.  The  former  may  bo  estimated  by  using  lacmoid  as  an 
indicator.  The  solution  is  best  made  by  dissolving  0-2  grm. 
of  lacmoid  in  100  c.c.  of  dilute  alcohol  (10  per  cent)  A 
few  drops  added  to  10  c.c.  of  the  sample  of  water  at  once 
reveals  the  presence  of  the  smallest  trace  of  acid.  The  amount 
of  acid  may  be  determined  by  titrating  a  definite  quantity  of 
the  water  with  a  decinormal  solution  of  sodium  carbonate 
(5-3  grm.  NasCO;,  per  litre). 

Plumbo-solvency  may  be  determined  in  the  following  way  : 
50  c.c.  (by  volume)  of  washed  lead  shot  are  placed  in  a  burette 
d"  X  24"),  occupying:  18  in.  of  its  length  ;  the  sample  water 
is  allowed  to  filter  through  this  lead,  and  is  then  collected  in 
successive  quantities  of  50  c.c,  and  tested  with  sulphuretted 
hydrogen  or  with  ammonium  sulphide  for  the  presence  of 
lead. 

Zinc,  copper,  and  arsenic,  although  rarely 
occurring  in  natural  waters,  may  occasionally  gain 
access  by  means  of  trade  pollution,,  or  by  the  solvent 
action  of  water  (especially  water  containing  organic 
matter,  nitrites,  and  nitrates)  upon  the  pipes  and 
vessels  with  which  it  comes  into  contact.  Any  trace 
of  these  substances  renders  a  water  unfit  for  drinking 
purposes. 

Tests.— Copper,  like  lead,  strikes  a  black  colour  with 
animonium  sulphide,  not  discharged  by  acid.  It  may  be  deter- 
mined quantitatively  by  a  colorimetric  process  similar  to  those 
for  iron  and  lead,  the  standard  solution  containing  1  mg.  of 
copper  in  each  c.c.  being  made  by  dissolving  3-93  grms.  of 
crystallized  copper  sulphate  in  a  litre  of  distilled  water. 

Arsenic  would  be  detected  in  the  residue  after  evaporation, 
by  the  Marsh-Berzelius  or  other  test. 

Hardness  of  water  is  caused  by  the  presence  of 
salts  that  decompose  soap,  preventing  lathering  until 


Ill] 


HAKDNESS  OF  WATER 


79 


sufficient  soap  is  added  to  exhaust  tliem.    The  chief 
of  these  are  lime  salts,  magnesium  salts,  and  carbonic 
acid,  but  ii-on  and  alumina  have  a  similar  effect.  By 
boiling  the  water,  the  free  carbonic  acid  is  driven  off,  and 
calcium  bicarbonate  is  reduced  to  the  insoluble  carbonate 
and  precipitated ;  magnesium  bicarbonate  is  precipitated 
as  carbonate  in  like  manner,  though  it  partially  re- 
dissolves  on  cooling,   and  most  of  the  iron  is  also 
thrown  down.    After  removal  of  this  temporary  hard- 
ness, there  remain  in  solution  calcium  and  magnesium 
sulphates  and  chlorides,  and  a  little  iron — assumino- 
them  to  have  been  originally  present.    These,  with 
the  re-dissolved  magnesium  carbonate,  constitute  the 
permanent  hardness.  Soap  consists  of  alkaline  oleates, 
stearates,  and  palmitates,  which  form  a  viscid  solu- 
tion in  water.    The  phenomena  of  hardness  depend 
upon  the  formation  of  insoluble  calcium  and  magnesium 
oleates,  etc. 

Hardness  is  measured  by  a  standard  soap-sohition,  1  c  c  of 
which  exactly  precipitates  1  mg.  of  calcium  carbonate.  It  is 
lound  that  1  c  c.  suffices  to  give  a  lather  when  shaken  with 
lO  c^c.  o±  distilled  water,  and  anything  beyond  this  is  due  to 
the  hardness  which  is  stated  in  terms  of  calcium  carbonate 

70  c.c.  of  the  water  is  taken  in  a  bottle  of  about  250  c  c 
capacity,  and  the  soap-solution  is  added  by  degrees  from  a 
biirette,  with  vigorous  shaking  after  each  addition,  until  a 
lather  completely  covers  the  surface  and  remains  intact  for  five 
minutes.  The  number  of  c.c.  added,  deducting  1  c.c  for 
lathering,  will  give  the  hardness  in  mg.  of  calcinm  carbonate 

&nif ''^  S^^^^^'^*    The  permanent 

hardness  IS  measured  m  exactly  the  same  way,  in  70  c.c.  of  the 
water  after  boiling  for  half  an  hour  and  addiAg  distilled  water 
to  make  good  the  loss  by  evaporation.  If  morS  than  16  c  c  of 
soap-solution  are  consumed  by  70  c.c.  of  water,  it  is  better  to 
dilute  It  by  adding  70  c.c.  of  distilled  water,  in  which  event  a 
deduction  of  2  c.c.  must  be  made  instead  of  1  c.c.  for  latSn. 
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A  "  degree  "  of  hardness  upon  Clark's  scale  corresponds  to  a 
grain  of  calcium  carbonate  per  gallon. 

The  disadvantages  attendant  upon  the  use  of  hard 
water  have  already  been  referred  to  in  speaking  of 
lime  and  magnesia  in  water.  Temporary  hardness  is 
of  less  moment,  both  for  dietetic  and  washing  pur- 
poses, than  permanent  hardness ;  it  depends  upon  the 
comparatively  harmless  calcium  carbonate,  which  is  re- 
moved by  boiling.  Calcium  and  magnesium  salts  have 
been  held  responsible  for  goitre,  which  in  certain  dis- 
tricts, notably  in  India,  seems  to  be  limited  to  mag- 
nesian  limestone  formations.  It  is,  however,  by  no 
means  always  prevalent  in  magnesian  limestone  dis- 
tricts, even  when  the  water  contains  abundance  of 
magnesium  salts  ;  nor  is  it  always  absent  from  dis- 
tricts free  from  limestone  formations.  Hence  many 
authorities  are  inclined  to  attribute  it  to  iron  py- 
rites and  other  salts  of  iron  and  copper  often  found  in 
limestone  regions  ;  while  others  consider  that  the  con- 
current agency  of  some  organic  material,  or  a  specific 
organism,  is  necessary.  Goitre  appears  to  have  been 
developed,  under  the  use  of  certain  drinking  waters, 
in  as  few  as  eight  or  ten  days.  Urinary  calculi  are 
common  in  Norfolk  and  other  chalk  districts  where 
the  water  is  hard ;  but  the  dependence  of  the  calculi 
upon  the  hardness  of  the  water  is  far  from  being 
established.  A  good  drinking  water  should  not  exceed 
4  degrees  of  permanent,  or  20  of  total,  hardness.  It 
is  estimated  that  each  degree  of  hardness  involves  a 
waste  of  upwards  of  a  pound  of  soap  for  every  1,000 
gallons  used  in  washing. 

Org^aiiic  matter  in  solution  consists  of 
animal  and  vegetable  matters  that  have  gained 
access  to  the  water,  and  of  the  products  of  their  de- 
composition. Little  is  known  of  its  chemical  compo- 
sition, the  variety  and  complexity  of  the  components 
being  so  great  as  to  defy  analysis. 
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The  presence  of  organic  matter  (or  rather,  of  oxidizable 
matter)  may  be  shown  by  adding  a  few  drops  of  a  solution  of 
potassium  permanganate,  which  is  immediately  decolorized  •  or 
by  slightly  acidulating  the  sample  water  and  boiling  it  for  20 
minutes  with  a  few  drops  of  solution  of  chloride  of  gold,  which 
will  give,  accordmg  to  the  amount  of  organic  matter  present, 
a  rose,  violet,  or  olive  colour,  or  a  violet  or  black  precipitate. 

A  rough  quantitative  estimate  is  obtained  by  determining 
the  combustible  matter  in  the  "  total  solid  residue."    100  c  c 

■TA""  ^^^u'  ^""^  ™f  ^^^^e*!  ^nto  ^  platinum  dish  of  known 
l^nfW7%.  ■  l!"-^!  T  ^^^"^  evaporated  to  dryness  over  a  water 
o?ln  if  "on^P ^7'''^  '^^"^'^  continued  in  a  water 
d  s]  \nVi?«  hour  more),  and  the  weight  B  of  the 

disband  Its  now  dry  contents  is  ascertained.  B -A  is  the 
weight  of  the  total  solid  residue,  that  is,  of  the  organic  matter 

blTSf  '''''  ^-t^d  to  dulSe"  to 

The  lo  1  -'^'^T  ""^w-  '^^'^  ""''^^'^  ^^^'^  (C)  after  cool  ng. 
Ihe  loss  on  ignition,  that  is  B  -  C,  will  give  the  amount  o** 
organic  matter  in  the  volume  of  water  taken^  *  The  p^Ztio; 
ftmC  ^'  -dilyUifatd 

100  c  c        :       1,000  c.c.        ;.-       B-C      •  cc 
volume  taken.  a  litre.  rng.  lost  on  " 

,    .  ignition. 

inmJo?  nr'  P.^fP'^'^*'^^  «^  «^-ganic  matter  expressed  as  parts  per 
million  or  milligrammes  per  litre.    Durino.  io-nition  the  or^ZZ 

Wanklyn's  ammonia  j)rocess 
Frankland's  combustion  process,  and 
^orchammer's  oxygen  process. 

matterTr,  w^^'VT^^'f  i**'  ^'''^  amount  of  organic 

^^^^^^ 

volatilized.  Carbonates  W  pA  ,  Po^'O'i  of  the  salts  may  be 
volatilizes.  ^^'^  ^O-''  "'•^^''''^tes  are  reduce.!,  and  cJ.lorine 
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its  nifci'ogGn  in  tho  form  of  ammonia.  Most,  if  not  all,  of  the 
injurious  organic  impurities  occurring  in  water  may  reasonably 
be  assumed  to  be  nitrogenous,  and,  as  they  yield  a  def3nite  and 
fairly  constant  proportion  of  their  nitrogen  as  ammonia,  we  have 
a  very  convenient  and  delicate  means  of  measuring  them.  It 
still  remains,  of  course,  in  this  as  in  all  other  indirect  processes, 
to  establish  empirical  standards  of  purity,  in  terms  of  the 
ammonia  index. 

Certain  standard  solutions  are  required. 

1.  Standard  solution  of  ammonium  chloride  containing 
0"01  mg.  of  ammonia  in  1  c.c. 

2.  Nessler's  solution  is  a  saturated  solution  of  mercuric 
iodide  in  potassium  iodide.  It  gives  a  yellowish  tinge,  with  the 
faintest  trace  of  ammonia,  and  a  yellow-brown  precipitate 
(NHggl.HoO)  if  more  is  present. 

"  Nessferizing "  is  a  process  by  which  the  free  or  saline 
ammonia  in  a  sample  of  water  can  be  readily  determined  with 
great  accuracy.  Two  tall  cylindrical,  flat-bottomed  glasses, 
marked  at  50  c.c,  are  placed  side  by  side  iipon  a  white  surface. 
In  one  of  them  are  placed  50  c.c.  of  the  sample  water,  and  in 
the  other  50  c.c.  of  distilled  water  free  from  any  trace  of 
ammonia.  Two  c.c.  of  Nessler  solution  are  added  to  each  glass, 
and  the  tint  struck  by  the  sample  is  exactly  imitated  by  adding 
to  the  second  glass  successive  measured  quantities  of  the 
standard  ammonia  solution  {A)  from  a  burette,  until  the  right 
tint  is  reached.  Each  c.c.  of  ammonia  solution  used  corre- 
sponds to  0*01  mg.  of  ammonia  present  in  the  50  c.c.  of  the 
sample,  from  which  data  the  amount  per  litre  is  readily 
calculated. 

3.  Alkaline 2yerinanganate  solution.  Eight  grm.  of  potassium 
permanganate  and  200  grm.  of  solid  caustic  potash  are  dis- 
solved in  a  litre  of  distilled  water. 

The  analysis  is  conducted  as  follows : — 

Half  a  litre  of  the  water  to  be  examined,  made  alkaline  if 
necessary,  is  put  into  a  large  flask,  connected  with  a  Liebig's 
condenser  by  means  of  a  bent  glass  tube  passing  thi-ough  a 
perforated  indiarubber  stopper.  The  flask  is  heated  by  a 
Bunsen's  burner,  and  the  first  50  c.c.  of  distillate  are  collected 
and  Nesslerized,  and  the  amount  of  ammonia  they  contain  is 
recorded.  This  ammonia  is  part  of  the  free  ammonia  contained 
in  the  water  as  such,  and  it  is  found  by  experience  that  the  first 
50  c.c.  contain  three-quarters  of  the  free  ammonia.  Hence, 
adding  i  to  the  amount  recorded  in  the  first  50  c.c,  we  get  the 
whole  amount  contained  in  the  half-litre  of  water  under 
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analysis,  and,  doubling  this,  the  mg.  of  free  ammonia  per  litre. 
I.e.  parts  per  million. 

Thus,  if  tho  first  50  c.c.  strike  a  tint  with  Nessler,  which  is 
matched  in  the  second  glass  by  the  addition  of  1-2  c.c.  standard 
ammonia  solution,  we  must  allow  I  of  1-2.  that  is,  0-4,  making 
a  theoretical  total  of  1-6  c.c.  This  corresponds  to  0-016  mg 
o±  ammonia  in  the  half-litre  taken  for  analysis,  or  0-032  part 
per  million.  Meanwhile  150  c.c.  more  are  distilled  over,  to 
exhaust  the  free  ammonia,  but,  as  already  explained,  it  is 
unnecessary  to  Nesslerize  these. 

nrl/i^^.n*"  """^  fl^^k'        to  this  are  now 

aaaea  50  c.c.  o±  the  alkahne  permanganate,  and  the  distillation 

ennTfT      Tx?  ^^^^  ^^^^^  '^^  c     ^ro  collected 

sepaiately  and  Nesslerized.    Should  the  third  50  c.c.  be  found 

^  ff=f  n"^  noteworthy  quantities  of  ammonia,  a  fourth  50  c.c. 
IS  uistillea  over. 

nJh':!:^^  ammonia  coming  over  at  this  second  stage  is  called 
oth     "  V  ^'"^^  ^^"^^^'i  albuminoid  and 

?0  o  P  .iT^""""'  "'^"^^"^  ^^ter.    The  second 

.^0  c.c.  contain  much  less  than  the  first,  and  the  thii-d  less  than 

S  thTthf.;  ^-^""^  «f  ammonia  found 

and  twt P  tl.-    '  ^^^If-litre  of  water  ; 

and  twice  this  will  give  the  proportion  in  parts  per  million 


J^*.  i^tandard  ammonia  solution. 

ma  50  =  1  0  c.c. 
3rd  50  =  0-3  c.c. 


/  Total  =  3;8  c.c.  =  0-03S  mg.  ammonia  per  half-litre 
*  Albuminoid  ammonia  =  0-076  part  per  million. 

su^SiV:?/'r'  ^^^y.}'^^^  of  albuminoid  ammonia  is 
suggestive  of   organic  purity,  even   if  free   ammonia  and 

ner  '^nln-"''  ^'^^^  ^^^"'^i^oid  ammonia  less  than  O'O^  p^? 
pel  milhon  is  consistent  with  extreme  purity  and  if  free 
ammoma  IS  absent  or  scanty,  albuminoid  ammoJia  under  0  10 

ammonia  o'o?l  '"P"'?''  ^^ere  is  much  free 

ammonia,  0  05  albuminoid  ammonia  is  suspicious,  and  0-10  is 

IS^:^  '-''^'^^^  '         -         'h-l^  -deii^  '1 

or  anf^i  ;«;aters  the  free  ammonia  usually  ranges  from  0-00 

Cnn^h.   .-P"'*  '-^^d  ^^^^'^ly  exceeds  0-05 

Combustion  processes  involve  costly  and  delicate  anna 

To  a  litre  of  the  water  are  added  20  c.c.  of  saturated  solntinn 
of  sulphurous  acid,  to  reduce  the  oxidized  nVogen  and 
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all  carbonic  acid.  The  water  is  evaporated  to  dryness  in  special 
apparatus.  The  dry  residiio  is  mixed  with  oxide  of  copper  and 
heated  in  vacuo  in  a  combustion  tube  for  an  hour.  The  gases 
are  collected  over  a  mercurial  trough;  they  contain  all  the 
organic  carbon  as  carbonic  acid,  and  the  nitrogfsn  as  such. 
They  are  measured  volumetrically,  and  after  the  absorption  of 
the  carbonic  acid  by  caustic  potash  the  residue  is  read  as 
nitrogen.  The  nitrogen  present  in  the  water  as  ammonia 
must  be  separately  determiood,  and  deducted  from  the  total. 

The  significant  points  are  the  absolute  and  relative  amounts 
of  organic  carbon  and  organic  nitrogen.  The  lower  the  propor- 
tion of  nitrogen  to  carbon,  and  the  less  the  amount  of  each,  the 
more  favourable  is  the  verdict,  other  things  being  equal.  A 
low  proportion  of  nitrogen  to  carbon,  1  to  8,  indicates  vegetable 
organic  matter ;  a  high  proportion  such  as  1  to  3  is  prett)'  cer- 
tain proof  of  animal  pollution.  A  river  or  surface  water 
should  not  contain  more  than  0-20  organic  carbon  or  0-03 
organic  nitrogen  in  100,000  parts,  and  spring  or  well  water  is 
open  to  suspicion  if  the  carbon  exceeds  010,  or  the  nitrogen 
0-03,  per  100,000.  In  forming  conclusions,  due  weight  must  be 
given  to  the  other  analytic  data,  especially  the  determination  of 
chlorides  and  oxidized  nitrogen,  and  to  the  other  evidence 
obtainable,  such  as  the  po-sition  and  surroundings  of  the  soui'ce 
o£  supplj'-,  the  facilities  for  pollution,  and  the  depth  and 
geological  characters  of  the  strata  from  which  it  is  derived. 

The  following  table,  taken  from  the  Report  of  the  Eivers 
Pollution  Commissioners,  gives  the  average  results  of  a  large 
number  of  samples  upon  Frankland's  method,  stated  as  parts 
per  100,000  :— 


Rain- 

Upland 
Surface 
Water 

Deep-Well 

Spring 

water 

Water 

Water 

Total  solid  impurity    . . 

2-95 

9-67 

43-78 

28-20 

Organic  carbon  

0-OTO 

0-3-22 

0-061 

0  056 

Organic  nitrogen 

0-015 

0-032 

0-018 

0-013 

0-029 

0-002 

0012 

0-001 

Nitrogen;   as    nitrates  and 

nitrites  . . 

0-003 

0-009 

0-405 

0-3S3 

Total  combined  nitrogen 

0-042 

0-042 

0-522 

0-396 

0-82 

1-13 

oil 

2-49 

Hardness  : — 

Temporary   

0-4 

1-5 

15-S 

11-0 

Permanent 

0-5 

4-3 

9-2 

7-5 

Total  

0-9 

5-S 

25-0 

18-5 

Number  of  samples  analysed 

89 

195 

157 

198 
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Ajeldahl  s  process,  applied  by  Blair  to  water  analysis,  is 
based  upon  the  conversion  of  the  nitrogen  of  organic  substances 
into  ammonium  sulpliute  if  charred  by  heating  with  strong 
sulphuric  acid.  250  c.c.  of  water  are  distilled  down  to  50, 
with  addition  of  sodium  carbonate  if  acid  ;  the  first  100  c.c.  of 
distillate  contains  all  the  free  ammonia.  Then  10  c  c.  of  pure 
siilphunc  acid  and  a  little  arsenious  acid  are  added,  and  the 
distillation  is  continued.  Presently  the  acid  begins  to  fume, 
and  becomes  darlvened  by  the  charring  of  organic  matter.  The 
heat  IS  contmued  for  two  hours  after  this,  or  until  the  colour 
disappears  again.  After  cooling,  a  slight  excess  of  pure  solution 
or  soda  is  added :  and  the  ammonia  thus  liberated  is  distilled 
over,  and  measured  as  in  Nessler's  process 

This  method   like  Wanklyn's,  gives  us  a  record  of  the 
tree  ammonia    and  «'  organic  ammonia  "  at  two  stages  ;  but 
h.?/!?  f  I.   ^  latter  19  more  constant  and  more  complete 
than  that  ob  amed  with  alkaline  permanganate.     The  results 

Z'o'^r't  -"'fi  '^'T  1;  ■  ^^'^^"^^  "^^^'s'^-  "  multiplying 
b}  0  824.  Blair  finas,  by  this  process,  less  than  0-06  part  of 
organic  nitrogen  per  million  in  very  pure  water,  and  0-06  to 
0  12  in  ordinary  drinking  water ;  he  regards  as  suspicious  any 

Tny  oVero-32""=  """""  ^^'^         ^^^^^^  P*^^*)''  condemns 

Oxygen  process. -There  are  many  modifications  of  the 
rorchammer  method,  of  which  Tidy's  is  the  best  known  For 

^LiSl."KT^t7^^  the  metric  system  is  substituted  for- 
sepiems    in  the  following  description  :— 

The  standard  solutions  required  are— 
•     A.  Potassium  permanganate,  0-395  grm.  in  a  litre  of  dis- 
tilled water.     Every  10  c.c.  yields  1  mg.  of  oxygen 
to  oxidizable  matter.  ^  ^ 

B.  Sodium  hyposulphite,  1  grm.  per  litre, 
c.  Fotassmm  iodide,  1  part  in  10  of  water 

fiUeJed.^  ^'"'^  ^'"''"^  ^'^^  f^'*' 
E.  Sulphuric  acid,  1  part  to  3  parts  of  water 

in  1  hou^'and  V  ho'^'™'"'  T"™^  °*  ^^J^S'^^  absorbed 
in  1  noui  and  3  hours  respectively.     As  the  hvDnsiil..>i,-f^ 

solution  IS  liable  to  change,  it  is  necessary  to  pei^orm  ^bknk 
test  with  pure  distilled  water  every  time        i'^"^™  ^  "^lank 

^^^of^^ich  contain  250  c  c  of 
8.imple  water,  while  the  other  two  contain  250  c  c  of  nure 
water  lor  the  control  experiments.  To  each  flask  are  added 
10  c.c.  of  permanganate  solution  (a)  and  10  c.c.  of  dilute 
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sulphuric  acid  (e).  If  the  water  is  very  bad,  the  pink  colour 
due  to  the  permanganate  may  soon  entirely  disappear,  and  in 
this  event  a  second  and  even  a  third  10  c.c.  of  permanganate 
must  be  added,  in  oi-der  always  to  have  a  pink  tinge  throughout 
the  experiment.  At  the  end  of  an  hour  one  of  the  samples  and 
one  of  the  control  flasks  are  tested  to  ascertain  how  much  un- 
decomposed  permanganate  remains  to  be  deducted  from  the 
total  used.  For  this  purpose  2  c.c.  of  iodide  solution  (c)  are 
added,  and  the  remaining  permanganate  immediately  acts  u])on 
it,  liberating  a  proportionate  amount  of  free  iodine.  The  iodine 
is  measured  with  precision  by  droppinn-  in  the  standard  hypo- 
sulphite solution  until  no  more  free  iodine  remains,  the  exact 
point  of  disappearance  of  the  last  trace  of  iodine  being  ascer- 
tained by  adding  2  c.c.  of  starch  solutioa  (d)  near  the  end  of 
the  process,  and  noting  the  disappearance  of  the  blue  iodide  of 
starch. 

In  the  blank  test  the  10  c.c.  of  permanganate  should  remain 
unaltered  at  the  end  of  the  hour-,  so  that  if  x  c.c.  of  hyposul- 
phite are  used,  these  x  c.c.  correspond  to  10  c.c.  of  the  per- 
manganate solution,  that  is,  to  1  mg.  of  oxygen.  If,  there- 
fore, the  sample  flask,  which  has,  of  course,  lost  some  of  its 
permanganate,  takes  only  y  c.c.  of  hyposulphite,  it  is  clear 
that  the  oxygen  consumed  by  oxidizable  matter  must  have 

been  ' — mg.  If  a  second  10  c.c.  of  permanganate  had 
been  employed,  the  formula  would  obviously  have  become 


As  a  quarter  of  a  litre  of  the  sample  was  taken  for  each 
analysis,  four  times  this  result  will  give  the  "  oxj'gen  con- 
sumed" in  milligrammes  per  litre — that  is,  in  parts  per 
million. 

The  determination  of  oxygen  consumed  in  three  hours  is 
conducted  in  exactly  the  same  way,  at  the  end  of  that  time. 

Interpretation  of  results  of  the  oxygen  process. — Not  only 
organic  matter,  but  also  nitrites,  ferrous  salts,  or  sulphuretted 
hydrogen,  will  reduce  permanganates,  and  these  latter,  if 
present,  must  be  removed  or  allowed  for.  No  distinction  is 
made  between  nitrogenous  and  non-nitrogenous  organic 
matter.  In  London  waters  the  organic  matter  is  said  to  be 
about  eight  times  the  "oxygen  consumed."  It  seems  that 
putrescent  matters,  notably  urine  and  other  animal  matter,  are 
readily  oxidized  by  permanganate,  so  that  while  the  three- 
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hours  experiment  gives  information  as  to  the  total  amount  of 
organic  matter,  the  one-hour  reaction  is  important  as  indicat- 
ing the  proportion  of  putrescent  and,  therefore,  presumably 
clangerous  impurities.    Sometimes  four  hours  are  allowed 
instead  of  three,  and  a  quarter  or  half  an  hour  instead  of  one 
Hour.    Featy  waters  consume  much  oxygen. 
_    As  in  all  other  modes  of  estimating  the  organic  matter 
in  water,  the  results  of  the  oxygen  process  must  be  considered 
together  with  the  other  analytic  data  and  the  source  of  the 
water.    In  a  general  way,  Tidy  classifies  waters  as  of  great 
orgamc  purity  it  the  oxygen  consumed  does  not  exceed  0-5 
part  per  million  of  medium  purity  if  not  exceeding  1-5  parts, 
of  doubtful  punty  up  to  2  0  parts,  and  as  impure  if  the  oxvgen 
consumed   exceeds^  2-0  parts  per  million.     Upland  surflce 
watei»,  however  (the  organic  matters  being  less  likely  to  be 
harmful),  are  judged  by  a  more  lenient  standard,  the  degrees 
of  which  are  double  those  given  above,  namely,  1-0,  3-0,  and 
4-0,  m  place  of  O'O,  1-5,  and  2-0. 

resuf/f Th'''^^'"  ^'T''  ^-  ^^'^  satisfactory 

mer-n  shen^th^- '  ^^^^  ^^^^^^^^ 

Potassium  permanganate,  1-975  grm.  per  litre,  so  that 

10  c.c.  yield  5  mg.  oxygen. 
Sodium  hyposulphite,  3-87'5  grm,  per  litre. 
Sulphuric  acid,  100  c.c.  to  900  c.c.  distilled  water. 

addSon  ""of '^Jn  fo^ff'"  ''^^^^y^^^'  ^^"^  ^fter  the 

aaaition  of  10  c.c.  of  permanganate  and  10  c.c.  of  acid  is 

boiled  g^nt  y  for  two  hours,  further  charges  of  permanSnate 

saS^n  Tidv'?"""'^'-  the  priced urets  the 

same  as  m  Tidy  s  process.   Iodide  is  added,  and  the  iodine  set  free 

Sinl^\STw\"o  ^if -^^^^^^^  substantially  the  same, 

.^ince  the  10  c.c.  of  permanganate  yields  5  mg.  of  oxygen 

instead  of  1  mg.,  the  formula  becomes  5  x 


charges  of  permanganate  have  been  added 
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waters  tako  less  than  2  parts  per  million,  waters  of  medium 
purity  2  to  4  parts,  and  suspicious  waters  4  to  6  parts.  Even 
a  peaty  water  should  not  be  recommended  if  it  takes  much 
more  than  G  parts. 

Iiitoipi-olation  oi  the  results  of  water 
cxaiiiiiialioii.-From  what  has  been  said,  it  will  be 
seen  that  there  are  various  methods  of  water  analysis 
or  examination  by  which  we  may  obtain  a  knowledge 
of  a  water  sufficient  to  guide  us  as  to  its  suitability  for 
drinking  purposes.  In  the  past  too  much  emphasis 
has  been  given  to  the  results  of  chemical  analysis  and 
too  little  to  the  facts  obtained  by  bacterioscopic  and 
microscopic  examination,  and  by  inspection  of  the 
gathering  ground.  It  cannot  be  too  clearly  stated 
that  all  the  facts  obtainable  respecting  a  water  are 
necessary  to  a  reliable  conclusion.  Nothing  is  more 
likely  to  lead  to  an  incorrect  opinion  than  reliance 
upon  isolated  findings  in  respect  of  a  water,  whether 
bacteriological  or  chemical.  The  two  must  be  taken 
together  and  in  conjunction  with  a  careful  inspection 
of  the  sources,  and  even  then  the  matter  must  be 
judged  broadly,  and  the  "life  history  "  of  the  water,  if 
such  a  term  is  permissible,  taken  into  consideration. 

The  chief  interpretations  of  chemical  analysis  have 
been  already  referred  to  in  the  text,  the  importance 
of  gases,  mineral  salts,  and  soluble  organic  matter 
having  been  dealt  with.  It  is  therefore  unnecessary 
to  recapitulate.  Here  it  is  only  necessary  to  add 
that  these  general  rules  are  subject  to  modification 
according  to  the  history  and  surroundings  of  the 
water.  Vegetable  is  much  less  dangerous  than  ani- 
mal contamination,  and  may  often  be  recognized  by 
the  slowness  with  which  the  albuminoid  ammonia 
comes  over,*  by  the  absence  or  small  amount  of  chlo- 
rides  and  of  free   ammonia,   and    by  microscopic 


*  The  second  50  c.e.  coutaiiiiug  little  less  tlum  the  hist,  and  the  thii-d 
than  the  second. 
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exauiination  of  the  sediment  or  knowledge  of  the 
source  of  the  supply.    Animal  pollution  is  indicated 
if  the  albuminoid  ammonia  comes  over  rapidly,  or 
if  the  chlorides  or  oxidized  nitrogen  are  abundant. 
Pollution   by   absorption    of   effluvia,    or    by  the 
presence  of  putrefying  masses  in  the  water,  would, 
however,  be  unaccompanied  by  any  excess  of  chlorides. 
It  is  important  to  take  into  consideration  also  the 
character  of  unpolluted  water  in  the  same  district  or 
geological  field,  since  chlorides,  oxidized  nitrogen,  and 
even  a  certain  amount  of  free  and  albuminoid  ammonia, 
may  be  found  in  waters  that  are  free  from  recent 
and    therefore   dangerous   pollution.      It   is  quite 
possible,  too,  for  an  organically  pure  water  to  be  unfit 
for   use  on   account   of   its  mineral  constituents. 
Water  from  a  shallow  well,  open  to  suspicion  of  pollu- 
tion, should  be  condemned  if  the  chlorides  and  oxidized 
nitrogen  are  high,  even  if  albuminoid  ammonia  be 
scanty.^    A  water  that  is  pure  at  the  time  of  sampling 
may  still  be  liable  to  intermittent  contamination.  It 
must  be  remembered  that  Wanklyn's  process  tells  us 
nothing  as  to  the  exact  amount  or  specific  nature  of 
the  pollution,  or  whether  it  is  injurious  or  harmless. 
The  solid  matters  of   enteric  or   choleraic  excreta 
probably  do  not  greatly  difler  as  regards  their  yield  of 
albummoid  ammonia  from  those  of  healthy  excreta, 
and  minute  proportions  of  either  one  or  the  other  in- 
tentionally added  to  water  in  experiments  by  Oory 
and  Dupre  caused,  as  was  to  be  expected,  only  a 
proportionately  trifling  addition  to  the  albuminoid 
ammonia  already  present.    Such  minute  but  deadly 
pollutions,  by  enteric  virus  or  any  other  poison 
rarely  occur  m  nature,  but  when  they  do,  chemical 
analysis  will  give  us  no  intimation  of  them.  Hence 
It  IS  true  that  chemical  analysis  "can  tell  us  of 
impurity  and  hazard,  but  not  of  purity  and  safety" 
[^huchanan)  ■  but  to  this  it  should  be  added  that  the 
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circumstances  are  rare  indeed  in  which  a  careful  con- 
sideration of  all  the  analytical  data,  together  with  a 
study  of  the  source  of  supply  and  its  surroundings,  will 
tail  to  give  warning  of  any  danger  that  may  exist. 

ihe  summary  on  p.  91  is  slightly  modified  from 
a  table  given  by  Parkes  and  De  Chaumont.    It  shows 
m  a  general  way  the  value  to  be  attached  to  each 
analytical  datum  per  se,  but  it  will  be  evident  that 
the  interpretation  is  subject  to  material  modification 
according  to  the  other  information  available,  and 
according  to  the  data  relied  upon  for  any  given 
water.    The  chemical  i-esults  of  the  London  water 
supply  are  now  (1911)  usually  expressed  (in  parts 
per  100,000)  in  regard  to  the  ammoniacal,  albuminoid, 
and  oxidized  nitrogen,  chlorine,  oxygen  absorbed  from 
permanganate  (3  hours  at  80°  F.),  turbidity,  colour, 
and  total  and  permanent  hardness.    The  albuminoid 
nitrogen  and  the  oxygen  absorbed  from  permanganate 
tests  are  relative  measures  of  nitrogenous  and  car- 
bonaceous organic  matter  in  water.    The  turbidity 
test  measures  approximately  the  suspended  matter 
in  water,  and  the  colour  test  the  degree  of  brown 
coloration.     The   permanganate   and  colour  tests 
yield  high  results  in  the  presence  of  much  vegetable 
matter,  and  the  albuminoid  nitrogen  test  high  results 
when  there  is  much  animal  pollution.    The  turbidity 
test  yields  high  results,  of  course,  when  the  rivers  are 
in  flood. 

Bacteriological  examination  is  the  most  delicate 
and  direct  test  of  the  safety  of  a  water  for  drinking 
purposes,  for  by  it  we  obtain  information  as  to  its 
potentiality  to  cause  infective  disease.  Further,  Klein 
and  others  have  shown  that  by  bacteriological  methods 
it  is  possible  to  detect  smaller  degrees  of  sewage 
pollution  than  by  chemistry.  On  the  other  hand,  it 
is,  of  course,  idle  to  expect  to  learn  the  exact 
chemical  constitution  of  the  water  by  bacteriological 
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metlioclH.     Like   chemistry,   bacteriology  nmst  be 
judged  by  what  it  can  tell  us  and  not  by  what  it 
cannot.    There  are  three  important  groups  of  facts 
obtainable  by  a  thorough  bacteriological  examination 
of  water.    These  concern  (a)  the  number  of  bacteria 
per  c.c. ;  {b)  the  presence  of  any  organisms  of  con- 
tamination ;  and  (c)  the   presence  of  any  specific 
organisms  of  disease.    The  number  of  bacteria  per 
c.c.  is,  as  a  rule,  only  valuable  when  used  in  a  series 
of  examinations  of  the  same  water  supply,  or  when 
used  in  the  examination  of  water  before  and  after 
filtration.    The  number  of  bacteria  per  c.c.  is  there- 
fore a   fact  of   only  relative  importance,  because 
there  is  no  standard  of  how  many  organisms  should 
be  present  in  each  c.c.  of  a  potable  water,  and  there 
is  no  means  by  which  the  number  can  be  accurately 
measured.    For  purposes  of  comparison  it  may  be 
said  that  the  metropolitan  water  supply,  as  consumed, 
usually  contains  less  than  20  bacteria  per  c.c,  and 
much  of  it  less  than  10. 

The  organisms  which  indicate  contamination  of  a 
water  are  certain  liquefying  bacilli,  B.  coli,  B.  enteri- 
tidis  sporogenes,  and  streptococci.  The  chief  of  these  as 
an  indicator  is  B.  coli.  It  is  now  held  that  if  this 
bacillus  can  be  detected  in  1  c.c.  or  2  c.c.  of  a  water, 
the  organism  has  gained  access  recently  from  sewage. 
Its  relative  abundance  is  a  matter  of  importance. 
Houston  considers  the  presence  of  streptococci  in 
water  as  indication  of  recent  and  dangerous  pollution. 
The  presence  of  any  pathogenic  organisms  [B.  ty2jhosus, 
the  cholera  bacillus,  etc.),  in  however  few  numbers, 
is,  of  course,  sufficient  for  the  condemnation  of  a 
water.    Such    organisms   are  rarely  isolated  from 
water — even  though  for  external  reasons  it  be  evident 
that  the  water  is  the  channel  of  infection — owing  to 
the  long  incubation  pcxiod  of  typhoid  fever,  the  fact 
that  the  bacillus  only  lives  in  water  for  a  few  days, 
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and  tlie  impossibility  as  a  rule  of  examining  the  water 
which  actually  caused  the  outbreak. 

Summary. — A  water  should  be  condemned,  as  a 
rule,  (ci)  if  it  contains  a  very  large  number  of  bacteria 
of  whatever  kind;  (6)  if  it  contains  B.  coli  communis, 
B.  entei'iticlis  sporogenes,  or  streptococci,  in  one  cubic 
centimetre,  or  any  pathogenic  organism  ;  (c)  if  it  gives 
the  "  enteritidis  change  "  in  milk  cultures,  or  fer- 
ments glucose  or  lactose  media.  In  addition  to  the 
chemical  and  bacteriolosrical  findino-s,  the  careful 
microscopic  examination  of  the  sediment  and  the 
thorough  inspection  of  the  gathering  grounds,  the 
source  and  course  of  the  watei^,  are  necessary.  In 
many  ways  the  latter  is  the  most  important  part  of 
an  examination  of  a  water,  and,  when  in  doubt  as  to 
chemical  and  bacteriological  chai-acteristics,  topography 
may  not  infrequently  throw  light  upon  the  subject. 

Driiiking^  water  and  disease.  —  The  rela- 
tion of  drinking  water  to  typhoid,  cholera,  diarrhoea, 
and  dysentery  will  be  considered  subsequently. 
Here  it  is  only  necessary  to  add  a  general  note. 

Vegetable  matter  in  suspension  and  even  in  solu- 
tion may  cause  diarrhcea.  In  small  quantity,  however, 
dissolved  peaty  matter  is  harmless,  although  it  gives 
a  brownish  tinge  to  the  water. 

Animal  matter  in  suspension  or  solution,  whether 
due  to  percolation  from  cesspools,  leaking  drains,  farm- 
yards or  manured  Eelds,  or  to  direct  pollution  of  streams 
by  drains  or  sewers,  or  to  presence  of  decomposing 
animal  tissues  in  the  water,  or  to  absorption  of  effluvia^ 
is  always  dangerous  to  health. 

The  products  of  simple  decomposition  of  animal 
matters  are  in  themselves  capable  of  producing  diar- 
rhcea^  and  other  acute  alimentary  disturbances,  or  of 
insidiously  undermining  the  general  health,  and  so 
possibly  preparing  the  way  for  other  diseases  not 
directly  dependent  upon  water-borne  poison.  In  tropi- 
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cal  countries  polluted  water  is  a  frequent  cause  of 
dysentery,  sporadic  or  epidemic.  Sudden  localized 
outbreaks  of  diarrhoea  in  Great  Britain  have  been 
proved  to  originate  in  contamination  of  drinking 
watei'  by  effluvia  from  sevt^age,  even  without  the 
entrance  of  liquid  or  solid  filth.  Apart  from  all  this, 
the  presence  of  organic  filth  in  water  shows  that  the 
way  is  open  for  the  access  of  more  specific  poisons, 
such  as  those  of  cholera,  enteric  fever,  dysentery, 
and  parasitical  diseases.  The  tendency  of  any  such 
pollution  is  to  increase  in  amount,  while  percolation 
through  soil  loses  in  course  of  time  whatever  puri- 
fying effect  it  may  possess  at  first. 

There  are  also  certain  disease  conditions  produced 
by  water  owing  in  part  to  its  mineral  or  chemical 
constitution,  as,  for  example,  goitre,  plumbism,  urinary 
calculi,  and  possibly  cretinism. 

Control  of  water  supplies.— The  responsibility  of 
the  Sanitary  Authority  in  respect  to  the  control  and 
supervision  of  the  water  supply  within  their  district 
will  depend  in  large  degree  upon  the  nature  of  the 
supply,  whether  from  wells  and  springs  or  from  a 
common  source.  In  the  latter  case  the  supervision 
should  include  (a)  a  knowledge  of  the  origin,  character, 
and,  so  to  speak,  "  life-history  "  of  the  water ;  (6)  the 
periodical  and  systematic  inspection  of  the  source  and 
gathering  ground,  including  any  waterworks,  pumps, 
reservoirs,  adits,  etc, ;  (c)  the  chemical  and  bacterio- 
logical examination  of  the  water,  sampled  from  various 
points  of  the  system  ;  (d)  the  control  of  any  storage- 
tanks  and  filter-beds  used  for  purification  purposes. 
Much  may  be  done  to  protect  public  water  supplies 
from  pollution  or  mismanagement,  and  still  more  so 
the  supply  derived  from  wells. 

In  a  memorandum  dated  December,  1897,  addressed  to 
District  Councils,  the  L.G.B.  observes  :  — 

"  The  Council    .    .    .    should  by  careful  inquiry  make 
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themselves  acquainted  with,  the  sources,  nature,  and  quality 
of  the  water  supplies  in  all  parts  of  their  district,  and,  in 
every  case  in  which  the  result  of  their  inquiries  is  unsatis- 
factory, should  take  all  such  steps  as  may  be  within  their 
powers,  with  the  view  of  supplementing  or  improving-  the 
supplies,  .  .  .  Accurate  information  should  be  procured, 
if  not  already  available,  in  such  matters  as  the  following  : — 

"  1.  Where  water  is  derived  from  gathering  ground  or  from 
springs.  Whether  drainage  from  human  habitations,  farm- 
yards, and  the  like  finds  its  way  directly  or  indiiectly  into 
the  reservoir  or  to  any  part  of  the  water  service ;  and  whether 
risk  of  access  to  the  water  of  human  excreta  and  similar 
refuse  is  likely  to  arise. 

"  2.  Where  water  is  derived  from  deep  wells.  Whether 
surface  or  other  water  liable  to  be  contaminate  1  by  drains, 
sewers,  cesspools,  and  the  like  reaches,  or  is  liable  to  reach, 
the  wells.  The  existence  and  direction  of  fissures  in  the 
strata  deserve  a  special  consideration  in  this  respect. 

"3.  Where  ivater  is  derived  from  shallow  ivells.  Whether 
the  wells  are  so  circumstanced  that  they  run  risk  of  con- 
tamination by  reason  of  drains,  privies,  cesspools,  or  middens, 
or  by  deposit  of  manure — whether  derived  from  human 
excreta  or  not  in  or  on  the  ground  in  the  neighbourhood  of 
the  wells." 

In  England  and  Wales  the  law  respecting  water 
supplies  is  contained  in  tlie  Public  Health  Act,  1875, 
Ss.  51-70  and  175  (p.  574),  the  Public  Health  (Water) 
Act,  1878  (p.  587),  and  the  Rivers  Pollution  Preven- 
tion Act  (p.  620). 

In  Scotland  many  of  the  provisions  of  these 
enactments  find  expression  in  the  Public  Health 
(Scotland)  Act,  1897. 
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FOOD 

The  useful  constituents  of  all  food  substances, 
animal,  vegetable,  and  mineral,  are  classified  as— 

1.  Nitrogenous,  including  the  animal  and  vege- 

table albuminoids  (proteins)  and  gelatin. 

2.  Fatty  (including  animal  and  vegetable  fats 

and  oils)  and  carbohydrates,  including 
starch  and  the  sugars. 

3.  Salts,  organic  and  inorganic. 

4.  Water. 

1.  Niti-og-enoiis  food—Proteins  are  converted 
by  the  action  of  the  gastric  and  pancreatic  juices  into 
soluble  peptones,  which  are  absorbed  and  used  for 
the  nutrition  and  repair  of  the  nitrogenous  tissues, 
and  in  some  degree  for  the  production  of  heat  and 
the  functional  activity  of  the  system.  During  life 
the  nitrogen  is  eventually  eliminated  in  the  urine 
(as  urea  or  urates),  and  in  the  faeces.  Fat  is 
another  product  of  the  splitting-up  of  albumm, 
and  its  hydrogen  and  carbon  ultimately  go  to  form 
carbonic  acid  and  water.  Muscular  exertion  does  not 
increase  the  demand  for  nitrogen  or  the  excretion 
of  urea,  these  being  fairly  constant  in  a  given  healthy 
individual  under  suitable  diet,  whether  working  or  not. 
Assimilation  of  excess  of  nitrogen,  in  the  absence  of 
exercise,  is  apt  to  lead  to  imperfect  oxidation,  with 
formation  of  urates  and  uric  acid  rather  than  urea. 
Other  consequences  are  engorgement  of  the  liver  and 
general  plethora,  pyrexia,  tendency  to  diarrhoea,  and 
ultimately  to  a  gouty  condition. 
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Deficiency  of  nitrogen  leads  to  diminntion  of  cir- 
culating albumin,  anaemia,  loss  of  weight,  and  impair- 
nieut  of  energy  and  stamina.  Ultimately  the  tissue 
albumin,  and  especially  that  of  the  muscles,  is  reduced. 

Nitrogenous  food  is  therefore  essential  for  the 
growth,  maintenance,  repair,  and  functional  activity 
of  the  tissues,  and  contributes  in  some  measure  to 
the  production  of  heat  and  force.* 

2.  Fats  and  carbohydrates  supply  the  oxidiz- 
able  material  for  the  production  of  heat  and  force,  and 
are  ultimately  eliminated  as  carbonic  acid  and  water. 
They  aid  in  the  nutrition  of  the  tissues  and  in  the 
excretion  oi  waste  material.    An  excess  of  either 
lessens  oxidation  of  nitrogenous  matter  and  leads  to 
storage  of  fat  in  the  tissues  ;  deficiency  causes  increased 
metabolism  of  circulating  albumin,  loss  of  weight, 
and  impairment  of  nutrition.    Sugars,  starches,  and 
certain  other  substances  are  termed  carbohydrates, 
because  their  molecule  contains  (besides  carbon)  twice 
as  many  atoms  of  hydrogen  as  of  oxygen,  and  may 
therefore  be  represented  empirically  as  C.  (FoO)  or 
carbon  p^,,.  water.    Glucose  is  CeH^.Oe,' cane  sugar 
^i2^32<-'n,  and  starch  CgHjoOg.  Fats  and  oils  (animal 
or  vegetable)  contain  much  less  oxygen  in  proportion 
to  their  carbon  and  hydrogen,  stearin,  for  example, 
being  OoiH^^Og.    Carbohydrates  are  more  readilv 
assimilated  than  fats,  but  have  a  lower  nutritive 
value  by  at  least  40  per  cent.  They  are  converted  into 
grape-sugar  by  the  digestive  processes.    As  a  rule 
nutrition  ultimately  suffers  if  either  fats  or  carbo- 
hydrates are  withheld ;  but  to  a  certain  extent  they 
are  interchangeable,  and  the  diet  of  the  Eskimo  con- 
tains little  or  no  carbohydrate. 

Eat  as  a  tissue  is  useful  for  its  mechanical  proper- 

but^?o?o^S^*°^^e^lSn  ^^P'^'?*"^  circulating  albumin, 
value  is  sa  d  0  be  Ibout  ouP^^  /"^'Pf'"."",!*'  ^"^'^t^-  nutritive 

verts  it  into  a°so^t^  S'S^^!^^^^^^^^^:  ^'^^^ 
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ties — namely,  non-conduction  of  lieat,  lubrication,  and 
soft  elastic  pressure  ;  in  excess  it  becomes  a  source  of 
inconvenience  or  danger,  as  in  extreme  obesity  and  in 
fatty  infiltration  of  the  heart. 

Muscular  contraction  is  the  source  of  animal 
heat  as  well  as  of  force,  and  the  heat  generated  is 
four  times  the  heat-equivalent  of  the  work  done. 
Although  the  hydrocarbonous  matter  supplies  the 
"  fuel "  for  these  purposes,  it  is  necessary  that  a  certain 
amount  of  nitrogenous  matter  be  associated  with  it. 

3.  Salts. — Lime,  potash,  and  soda  are  essential — 
lime  for  bone-formation  and  cell-growth,  potash  for 
nutrition  of  formed  tissues,  soda  for  fluid  tissues.* 
Iron  in  small  quantity  is  required  for  formation  of 
the  colouring  matter  of  the  blood  (haimoglobin). 

Chlorides  and  phosphates  are  indispensable.  Salts 
of  organic  acids  (lactates,  tartrates,  citrates,  malates, 
acetates),  which  ai-e  oxidized  into  carbonates  in  the 
system,  are  important  as  maintaining  the  alkalinity 
of  the  blood. 

4.  Water  constitutes  two-thirds  of  the  whole 
weight  of  the  body,  and  forms  part  of  every  tissue. 
By  its  agency  food  is  dissolved  and  carried  to  the 
tissues,  waste  products  are  removed  and  excreted, 
nutrition  and  chemical  changes  are  rendered  possible, 
and  the  temperature  of  the  body  is  regulated  by  means 
of  evaporation. 

Stimulants  and  condiments  are  not  essential  con- 
stituents of  a  complete  dietary. 

Dietaries— Hutchison  distinguishes  four  cri- 
teria of  the  value  of  a  dietary — (a)  chemical,  turning 
upon  nutritive  constituents  as  above ;  [b)  physical, 
which  measures  the  value  of  a  food  by  the  amount 
of  heat  produced  by  complete  combustion  ;  (c)  physio- 

*  A  vegetable  diet  calls  for  additional  sodium  salts,  to  make  up  for 
the  increased  elimination  of  these  due  to  the  excess  of  potassium  salts 
supplied. 
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logical,  i.e.  assimilability;  and  {d)  economic,  nutritive 
value  as  compared  with  cost.    Only  the  second  of 
these  calls  for  further  com  ment  here.    The  unit  of  heat 
production  is  the  kilo-calorie,  or  as  it  is  generally 
•  termed  the  calorie,  that  is  the  amount  of  heat  re- 
quu;ed  to  raise  1  kilo  (or  1  litre)  of  water  V  Q 
(or  1  lb  of  water  4°  F.).    Eubner  has  shown  that  the 
heat  value  of  1  grm.  (=151  grains)  of  protein  and 
1  grm.  of  carbohydrate  is  4-1  calories  each,  and  of 
1  grm.  of  fat  is  9-3  calories.    Multiplying  the  per- 
centage of  protein  and  carbohydrate  which  a  food 
contaxas  by  4-1  and  the  fat  by  9-3  gives  the  total 
calories  per  100  parts  of  the  food  in  question.  For 

roTS  %    /r'/™,-  f  "^"^  2  of  p'rotein 

4  of  fat,  and  6  of  carbohydrate,  the  calories  would  be 
of  protein  8-2,  of  fat  37-2,  and  of  carbohydrate  24  6 
or  a  total  of  70-0  per  100  grm  ' 

dailv  d?p^  r  'T'  u'/'^  ^-^^^irements  in  a  nutritious 

of  wo  k     W    '''v      ^'"^^  ^ 
n-n^M       m    ■  '        '"""^  food  which  will 

piovu  e  sufficient  energy  (average  3,500  calories)  •  and 
secondly  It  must  provide  for  the  upkeep  and  ipa  1 
of   the  tissues  of  the  body  (average    125  arm  of 
protein,  oOO  gnn.  of  carbohydrate.?  and  50™; n 
ot  fat).    Such  a  standard,  according  to  Hutchfson 
yields  carbon,  nitrogen,  and  calories  as  fdlows  ' 


• 

1  Carbon 
(in  grni.). 

Nitrogen 
(ill  grm.). 

Calories. 

125  grm.  Protein 
500  ,,  Carbohydrates"' 
50  „    Fat  .. 

Total 

C2 
200 
38 

20 

512-5 

2050 
465 

300 

20 

3027-5 

These  quantities  m 
as  4  oz.  of  protein 
hydrates,  making  2 

ay  be  expres 
,  2  oz.  of  ft 
4  oz.  of  drv 

sed  in  En 
it,  and  1 8 
food. 

glish  ounces, 
oz.  of  carbo- 
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Rubnnr  has  suggnstod  as  a  standard  that  wliilst 
2,500  calories  are,  necessary  for  a  person  at  rest,  3,121 
calories  are  requirc^d  for  a  person  doing  moderate 
muscular  work,  and  5,213  calories  in  hard  labour. 
Even  more  than  this  is  actually  consumed  sometimes. 
Chittenden  considers  that  the  current  estimations  of 
the  amount  of  protein  and  total  fuel- value  necessary 
for  hard  work  are  excessive.  For  hard  work  all 
the  chief  constituents  of  food  may  be  increased,  but 
there  is  evidence  to  show  that  the  most  valuable 
source  of  muscular  energy  is  the  carbohydrates. 
For  mental  work  the  digestibility  of  food  is  of  greater 
concern  to  the  brain  worker  than  chemical  compo- 
sition (FIntchison).  Reduction  on  a  muscular  diet 
should,  however,  affect  fats  and  carbohydrates  more 
than  proteins.  As  already  remarked,  age  and  sex 
exert  a  marked  influence  upon  dietetic  requirements. 
The  same  must  be  said  in  respect  of  climate,  season, 
and  personal  peculiarity. 

From  the  chemical  standpoint  authorities  suggest 
that  a  daily  dietary  for  a  male  adult  should  be  cora- 
]iosed  somewhat  as  follows  : — 


Nitroge- 
nous 
Food. 

Fat. 

Cai'boliy- 
d rat  OS. 

Salts. 

Such  a  diet  would 
contain 

Nitrogen 

Carbon. 

Rest  .... 
Moderate  ^ 
work    .  ) 
Hard  woi  k  . 

3  oz. 
4i  „. 

6  „ 

li  oz. 
3  „ 
4^  „ 

12  oz. 
15  „ 
18 

I  oz. 

II  1 

H  „ 

200  gr. 
300  „ 
400  „ 

4.000  gr. 
5,000  „ 
(i,000  „ 

These  amounts  are  only  approximate.  The 
necessity  for  so  great  an  increase  of  nitrogen 
during  hard  work  is  open  to  question,  and  on  the 
other  hand  the  hard  work  standard  of  carbon  in  the 
above  table  is  low.  More  food,  especially  fat,  is 
needed  in  cold  climates,  less  in  hot. 
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All  the  ingredients  are  supposed  to  be  water-free, 
but  would,  in  practice,  be  combined  with  at  least  their 
own  weight  of  water,  raising  the  total  daily  weight  of 
solid  food  to  40  or  50  oz.  In  addition  to  this  50%o  80 
oz.  of  water  are  taken  as  drink.  A  man  consumes 
daily  about  of  his  weight  of  dry  solid  food  and 
TW  of  water.  Women  are  said  to  require  about  10 
per  cent,  less  than  men,  both  of  carbon  and  nitrogen. 
Infants  require  nitrogenous  and  fatty  foods  with  only 
a  small  proportion  of  carbohydrates,  which  is  supplied 


Chemical  Composition  (Approximate)  of  Certain  Food 
Substances.  (Parlces). 


Good  meat,*  beef  or  iiuittoii 

little  fat  (uncooked) 
Average  meat*  (imcuuked) 
Roast  meat  .       .  ' 
Very  fat  meat*  . 
Fat  pork 
Salt  porkt  . 
Salt  beeft  . 
White  fish  . 
TSggs  . 
New  milk  . 
Skim  milk  . 
Ciieese  . 
Butter  . 
Bread  . 
Flour  . 

Oatmeal      .  ; 
Indian  meil 
Peas  (dry)  . 
Gree?i  vegetables 
Carrots 
Potatoes 
Rice 
Sugar  . 


with  ) 


Approx.  per  cent,  of 


75 

75 
55 
63 
40 
45 
50 


Q 

i3  2 


78  IS 
74  14 


87 
90 
37 
0 
40 
15 
15 
14 
15 
90 
85 
75 
10 
3 


4 
4 
33 
0-3 
8 
U 
13 
10 
22 
0-2 

0-  6 

1-  5 
5 


3-5 

8-5 
15 
19 
50 
7 

0-  2 
3 

11-5 
3-5 
2 

24 
90 

1-  5 
2 
6 
7 
2 

0'5 
0-2 
0-1 
0-8 


- 

3-5 

a  >-. 


60 
70 
65 
65 
55 
0 
■5 
23 
83 
96 


1-5 

1-5 

3 
4 
2 

25 
20 
1 
1 

0-5 

0-  8 
5-5 
2-5 

1-  5 
1-7 

3 

1-  5 

2-  5 
0-7 
0-7 

1 

0-5 
0-5 


Grains  per 
lb. 


Nitro- 
gen- 

Carbon. 

190 

1,900 

100 

4,000 

290 

1,360 

325 

1,115 

200 

875 

45 
45 
300 

90 

120 

140 

120 

250 

14 

11 

22 

70 


6C0 
450 
3,300 
0,500 
2,000 
2,700 
2,800 
3,000 
2,700 
420 
500 
770 
2,700 
3,100J 


lost  in^cooldn"'-  '''"'"''^  30  per  cent,  more  is 

The 

;  M.lk-sugar  yields  only  2,800  grains  of  carton  per  lb!' 
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by  milk-sugar.  A  child  of  10  yeans  of  age  needs  only 
half  as  much,  but  at  14  years  quite  as  much,  as 
a  woman.  The  dietetic  requirements  of  old  age  are 
just  the  reverse  of  those  of  childhood. 

The  table  on  p.  101  supplies  the  means  of  deter- 
mining how  far  a  given  dietary  complies  with  the 
requirements  stated  above,  and  conversely  of  con- 
structing a  dietary  that  will  satisfy  these  conditions. 

Thus,  if  the  question  should  arise  whether  a  daily 
allowance  of  2  lb.  bread  and  |  lb.  cheese  is  a  sufficient 
diet  for  a  man  in  easy  work,  the  calculation  may  be 
made  on  a  chemical  basis  as  follows  : — 

100  oz.  bread  contain  therefore  32  oz.  contain 

Nitro.     Fat.  Carb.-hyd.  Nitro.    Fat.  Carb.-liyd. 

8  oz.    14  oz.    50  oz.  2-5  oz.  0-5  oz.  16  oz. 

100  oz.  cheese  contain  therefore   8  oz.  contain 

33  oz.    24  oz.      0  oz.  2-6  oz.  1*9  oz.    0  oz. 

5-1  oz.  2"4  oz.  16  oz 

Whereas  the  theoretical  amounts  re- 
quired for  moderate  work  are    .    .       4-5  oz.    3  oz.  lo  oz. 

The  conclusion  to  be  drawn  is  that  such  a  diet  is 
sufficient  as  regards  the  nitrogenous  matter  and  carbo- 
hydrates, but  wanting  in  fat. 

A  still  readier  method  is  to  calculate  the  amount  of 
carbon  and  nitrogen,  thus  : — ■ 

1  lb.  bread  contains  therefore  2  lb.  contain 

Nitrogen.      Carbon.  Nitrogen.  Carbon. 

90  gr.     2000  gr.  180  gr.     4000  gr. 

1  lb.  cheese  contains  therofoie  ^  lb.  contains 

300  gr.     3300  gr.  loO  gr.     1650  gr. 

330  5650 

The  theoretical  amounts  of  carbon  and 
nitrogen  required  for  moderate  work 
being   300  5000 

Hence,  if  we  leave  out  of  consideration  the  differ- 
ences between  fats  and  carbohydrates  the  diet  more 
than  satisfies  the  theoretical  requirements. 
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The  problem  may  also  be  presented  the  other  way 
round.  What  quantity  x  of  bread  and  y  of  cheese 
would  be  sufficient  for  an  ordinary  diet  ?  The  require- 
ments are  300  gr.  of  nitrogen,  and  5,000  of  carbon ; 
and  X  lb.  of  bread  contain  90  x  x  gr.  of  nitrogen 
and  2,000  x  x  gr.  of  carbon,  while  y  lb.  of  cheese 
yield  300  x  y  gr.  of  nitrogen  and  3,300  x  y  gr. 
of  carbon.   Hence  we  have  a  simultaneous  equation — 

90.'«  +    300y  =  300 
2000x"  +  33002/  =  ^000 

giving  as  approximate  values  x  =  1-7  lb  and 
y  =  i  lb. 

It  has  been  found  experimentally  that  the  energy 
which  is  developed  by  oxidation  is  for  one  ounce  of 
lean  meat  about  50  foot-tons,*  carbohydrates  150  foot- 
tons,  and  fats  300  foot-tons.  In  this  relation  it  should 
not  be  forgotten  that  the  oxidation  of  food  in  the 
system  is  by  no  means  complete,  even  as  regards  that 
portion  which  is  assimilated. 

In  calculating  the  mccliaiiical  work  done,  that 
of  respn^ation,  circulation,  and  locomotion  must  be 
taken  into  account,  as  well  as  the  load  carried  or  lifted 
Accordnig  to  Haughton  and  Parkes  the  force  exerted 
daily  m  respinxtion,  circulation,  and  other  "  internal  " 
work  IS  about  260  foot-tons  ;  and  in  addition  to  this  a 
strong  man  can  do  external  work  equivalent  to  300  to 
500  foot-tons  more  per  day.    Walking  along  a  level 
road  at  3  miles  per  hour  is  equivalent  to  climbino- 
vertically  J^th  of  the  distance  traversed;  at  4  miles 
rjth.    Hence,  if  a  man  weighing  W  lb.  carries  a 
load  ot  X.  lb.  on  a  horizontal  track  for  D  feet  at 

Tw+X)d'"  ^''^''^^   ^''^''^^  equivalent 

*°  "20  X  2240  so  doing.    A  march  of  20 

*  Afoot-ton  is  the  force  required  to  raise  1  ton  to  a  height:of  1  foot. 
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miles  along  the  level  involves  work  equivalent  to  350 
foot-tons,  taking  tlie  weight  of  the  body  as  150  lb. 
If  a  load  of  60  lb.  is  added,  the  work  is  500  foot-tons. 
The  whole  work  done,  estimated  in  this  way,  represents 
only  ith  of  the  force  theoretically  obtainable  from  the 
food  by  combustion.  •  The  energy  expended  in  a  fair 
day's  work  is  about  one-fifth  mechanical  labour  to 
four-fifths  heat  {Martin). 

Animal  is  generally  held  to  possess  certain  advan- 
tages over  vegetable  food,  of  which  the  most  certain 
are  the   ready  supply  of  blood-pigment,  the  larger 
percentage  of  proteins,  the  greater  digestibility  of 
animal   fats,  and  the  smaller    bulk  required.  A 
vegetable  dietary,  unless  carefully  selected,  is  apt  to 
contain  insufficient  nitrogen,  but  it  is  rich  in  carbo- 
hydrates.   It  is,  however,  bulky,  less  digestible  in  the 
stomach,  and  less  completely  absorbed.  The  supposed 
inferior  nutritive  value  of  vegetable  albuminoids  is 
not  so  clear,  although  they  are  probably  less  rapidly 
digested ;  and  a  well-fed  vegetable  eater  may  display 
for  a  time  as  perfect  health  and  energy  as  a  meat-eater.* 
On  the  other  hand,  the  ai'gument  from  analogy  with 
the  herbivora,  some  of  which  are  types  of  activity, 
loses  weight  from  the  inability  of  man  to  digest  cellu- 
lose.   The  consistent  vegetarian  must  either  live  on  a 
diet  deficient  in  protein  or  consume  an  excessive  bulk 
of  food.    The  adoption  of  the  former  course  tends  to 
diminish  energy  and  tissue  resistance,  and  the  latter 
is  likely  to  lead  to  derangement  of  the  digestive 
oi'gans. 

Morbid  conditions  dependent  npon  diet.— 

An  excess  of  food,  due  to  too  large  or  too  frequent  meals, 
may  accumulate  in  the  intestine,  causing  fermentation 
and  also  dyspepsia,  with  constipation  or  ineffective 
diarrhcea.    Gout,  obesity,  gall-stones,  and  other  con- 


*  Vegetarianism  ns  oi  ilinaiily  practised  does  not  excliido  animal  fals, 
or  even  albuminoids  ;  milk,  butter,  and  cheese  being  used  freely. 
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ditions  may  also  arise  from  excess  of  food.  Absorption 
of  the  products  of  putrefaction  may  give  rise  to  a 
septic  condition  marked  by  pyrexia,  furred  tongue, 
fetid  breath,  heaviness,  and  possibly  jaundice.  Dis- 
eases of  the  blood  may  also  arise  [from  retention 
of  waste  products  in  the  intestine,  as  for  instance 
when  chlorosis  follows  constiimtion.  The  effects  of 
excessive  or  deficient  assimilation  of  nitrogenous  and 
carbonaceous  food  have  already  been  considered. 

Protracted  insufficiency  of  diet  is  followed  by  wasting 
of  the  tissues  {inanition).  Adipose  tissue  is  naturally  the 
first  to  suffer,  and  may  be  almost  completely  absorbed, 
the  other  tissues  following  mainly  in  the  inverse  order 
of  their  importance  to  life.    The  urine  still  contains 
urea  and  urates,  from  oxidation  of  tissue,  first  of  the 
circulating  albumin,  afterwards   of   tissue  albumin. 
Physical  and  mental  weakness  ensue,  followed  by 
anaemia  and  an  adynamic  condition  that  powerfully 
predisposes   to   certain   diseases,    notably  relapsing 
fever,    phthisis,    and   pneumonia,    and   perhaps  to 
all  infectious  diseases.     Diarrhoea  is  apt  to  occur, 
adding  still  further  to  the  general  emaciation  and 
prostration.    Ophthalmia,  stomatitis,  ulcers,  and  skin 
diseases  of  various  kinds  ai-e   common ;    and  any 
disease  that  may  have  obtained  a  hold  upon  the 
system  is  aggravated  by  the  impairment  of  nutrition. 
Death  ensues  when  the  loss  reaches  about  40  per  cent, 
of  the  normal  weight  of  the  body. 

Apart  from  parasitic  poison  and  infection,  there 
are  two  well-marked  morbid  conditions  that  are  almost 
always  attributable  to  the  absence  of  essential  elements 
of  diet.    These  two  are  rickets  and  scurvy. 

Rickets  occurs  in  children  fed  upon  a  diet  in 
which  there  is  undue  admixture  of  starchy  food,  and 
a  deficiency  in  fat  and  proteins.  Starch  cannot  be 
digested  by  young  infants,  and  its  administration  is 
not  only  useless  but  liable  to  cause  diarrhoea,  which 
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interferes  witli  the  digestion  of  other  food.  Prolon-ed 
mdigestion  has  niucli  to  do  with  tlio  cause  of  rickets 
Jiven  apart  from  this,  an  excess  of  starch  or  other 
carbohydrate  has  an  injurious  effect  upo.i  nutrition 

Scurvy  does  not  occur  when  tlie  diet  includes 
plenty  of  fresh  vegetables  and  fruits  or  their  juices 
or  even  preserved  vegetables  and  fruits.    The'  blood 
or  raw  flesh  of  recently  killed  animals  is  credited  with 
considerable  anti-scorbutic  power.    Citrate,  tartrate, 
and  malate  of  potash  are  also  preventives,  and,  to  a  less 
degree,  lactate  and  acetate.    Carbonate  of  potash  is 
inert.    The  disease  affects  underfed  men  more  readily, 
but  cannot  be  checked  by  increase  in  the  supply  of 
nitrogenous  food,  carbohydrates,  or  fat.     The  fault 
probably  rests  with  the  supply   of  salts,  and,  as 
scurvy  occurs  when  there  is  no  lack  of  phosphates 
or  sodium  chloride,  potash  and  organic  acids  alone  of 
the  ordinary  salines  are  missing.    The  salts  of  organic 
acids  differ  from  those  of  mineral  acids  in  one  import- 
ant particular— namely,  their  oxidation  in  the  blood  to 
form  carbonates  with  alkaline  reaction,  although  they 
may  have  been  neutral  or  acid  originally.    Thus  the 
citric  acid  and  citrate  of  potash,  which  are  the  prin- 
cipal constituents  of   lime-juice,  are  oxidized  into 
carbonic  acid,  which  is  removed  by  the  lungs,  and 
(alkaline)  potassium  carbonate.    Potatoes  are  efficient 
antiscorbutics,  and  contain  a  large  proportion  of 
organic  acid,  salts  of  potash,  soda,  and  lime.  The 
absence  of  land  scurvy  at  the  present  time  may  not 
unreasonably  be  attributed  in  great  measure  to  the 
universal  use  of  potatoes,  and  other  fresh  vegetables 
and  fruits,  as  articles  of  food. 

Meat 

The  variations  in  the  nutritive  qualities  of  meat 
depend. upon  the  age  of  the  animal,  the  state  of  its 
nutrition  at  the  time  of  slaughter,  and  the  proportion 
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of  fat.    Well-fed  prime  meat  contains  more  albumin- 
oids and  less  connective  tissue  than  that  which  is 
taken  from  animals  that  are  badly  fed,  diseased,  or 
too  old  or  too  young.    The  proportion  of  fat,  roughly 
speaking,  ranges  from  50  per  cent,  in  fat  pigs  or  sheep 
to  33  per  cent,  in  fat  oxen  or  lambs,  and  16  per  cent, 
in  calves.    Absence  of  fat  is  largely  compensated  for 
by  pi-esence  of  additional  water,  so  that  the  nitrogen 
remains  fairly  constant.    As  a  rule,     white  meat," 
such  as  fowl  and  rabbit,  is  less  nitrogenous,  more 
tender,  and  more  digestible  than  ^'red  meat,"  such  as 
beef,  mutton,  and  game.     The  latter  become  more 
tender  if  kept  until  o^igor  mortis  gives  place  to  incipient 
putrefactive  changes. 

Relation  to  disease — The  flesh   of  animals 
sufFering  from  any  inflammatory  disease  is  watery  and 
ninutintious,  discoloured,  possesses  a  stale  odour,  and 
decomposes  rapidly.    The  use  of  such  meat  is  liable 
to  cause  alimentary  disturbance.    The  same  applies, 
more  or  less,  to  animals  emaciated  from  any  cause. 
In  some  persons  acute  dyspepsia  and  diarrhoea  are 
caused  by  apparently  normal  meat  of  certain  kinds, 
usually  pork  or  mutton.     As  a  rule,  meat  in  any 
stage  of  putrefaction  (the  signs  of  which  are  smell, 
discoloration,  and  loss  of  elasticity)  is  liable  to  cause 
acute  gastro-intestinal  irritation,  and  other  manifesta- 
tions of  septic  poisoning,  the  prominent  symptoms 
being  vomiting,  diarrhoea,  cramps,  prostration,  pyrexia, 
with  weak  and  irregular  pulse.    Meat  in  an  early 
stage  of  decomposition  is  frequently  more  toxic  than 
when  more  advanced.    It  is  not,  however,  easy  to 
account  for  the  impunity  with  which  certain  kinds 
of  food,  venison  and  game  for  instance,  are  habitually 
consumed  in  a  state  of  early  decomposition.    It  is 
probable  that  the  toxic  products  are  not  present  in 
anything  like  the  same  degree  as  in  ordinary  meat, 
and  it   is  possible  that  such  products,  and  even 
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the  causal  organisms,  are  diflerent.  Certain  para- 
sites, to  which  further  reference  is  made  in  a  later 
section,  are  clearly  transmissible  to  man,  and  therefore 
suffice  to  render  the  whole  carcase  unht  for  food  :  the 
chief  being  the  TcHuicH  in  beef,  mutton,  and  pork,  and 
Irichmcv.  in  "  measley  "  pork.  Sheep  are  liable  to 
^trongylus  jilana  in  the  lungs,  Distoma  hejmticum  in 
the  liver,  and  Ccenurus  cerehralis  in  the  brain  >  but 
these  are  held  to  require  only  the  removal  of  the 
affected  organs. 

Accident,  parturition,  or  purely  local  diseases,  such 
as  apoplexy  or  intestinal  obstruction,  do  not  neces- 
sarily render  a  carcase  unfit  for  food  provided  that 
the  animal  has  been  slaughtered  before  any  inflam- 
matory or  other  constitutional  mischief  has  occurred. 
An  animal  that  has  died  with  the  blood  in  it  is 
presumably  diseased,  and  it  is  customary  to  condemn 
such  a  carcase  on  that  account,  and  because  decom- 
position rapidly  sets  in.    The  flesh  of  animals  affected 
with  any  acute  specific  disease  should  be  rejected,  not 
only  upon  the  grounds  already  stated  with  reference  to 
inflammatory  diseases,  but  also  on  account  of  the  risk 
of  imparting  the  specific  malady.    Anthrax  has  been 
thought  to  be  so  transmitted,  and  there  is  strong  sus- 
])icionthat  actinomycosis  has  been  similarly  conveyed. 
Generally,  it  may  be  said  that  the  direct  transmission 
of  disease  by  infected  meat  is  best  illustrated  in  two 
different  kinds  of  diseased  meat  represented  by  the 
Welbeck  disease  and  tuberculosis. 

Welbeck  disease  and  allied  conditions.— 
At  Welbeck,  Notts,  in  June,  1880,  a  large  number 
of  ])ersons  were  taken  ill  after  eating  some  ham  at 
a  public  luncheon.  Ballard  found  that  this  was  the 
only  condition  common  to  all  the  sufferers.  The  on- 
set occurred  in  some  cases  suddenly,  for  the  most 
part  between  twelve  and  thirty-six  hours  later.  The 
symptoms  included  violent  diarihaa,  vomiting,  and 
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abdominal  pain,  usually  accompanied  or  followed  by 
)iyrexia,  thirst,  headache,  cramps  in  tlie  limbs,  cold 
sweats,  and  great  prostration.  Particulars  were  ob- 
tained of  72  ciises,  of  which  4  were  fatal.  The  ham 
was  observed  to  have  a  disagreeable  taste,  but  was  not 
suspected  to  be  tainted.  It  had  been  exposed  to  sewer 
air.  Klein  found  spores  and  bacilli  in  the  muscular 
fibres  of  the  suspected  ham,  and  similar  bacilli 
in  the  kidney  of  a  man  who  died  of  the  disease. 
Dogs,  cats,  rabbits,  guinea-pigs,  and  white  mice  were 
fed  upon  the  ham,  and  nearly  all  developed  pneu- 
monia and  other  symptoms  ;  inoculation  of  white  mice 
and  guinea-pigs  gave  the  same  result.  Cultures  were 
made,  and  guinea-pigs  and  white  mice  which  were  fed 
or  inoculated  therewith  presented  the  same  symptoms. 

A  second  series  of  cases  occurred  in  ISTottingham, 
m  February,  1881,  among  persons  who  had  jmrtaken 
of  so  Die  hot  baked  pork.  Fifteen  were  attacked,  and 
one  died.  The  time  and  mode  of  onset,  and  the 
general  character  of  the  symptoms,  were  similar  to 
those  noted  in  the  Welbeck  outbreak.  Not  all 
the  persons  who  ate  of  it  were  taken  ill.  Klein 
examined  the  tissues  of  the  fatal  case  referred  to 
above,  aiid  found  the  Welbeck  bacilli  in  the  blood, 
pericardial  fluid,  lungs,  spleen,  kidney,  and  elsewhere.' 
Cultures  inoculated  into  mice  and  guinea-pigs  caused 
pneumonia  and  other  symptoms  in  all;  and  the  bacilli 
were  found  in  the  blood  and  exudations. 

These  two  outbreaks  drew  attention  to  the  whole 
question  of  meat  poisoning,  and  since  1880  a  very 
large  number  of  such  epidemics  have  been  investi- 
gated. Some  of  the  more  typical  outbreaks  in  tliis 
country  are  tabulated  on  p.  110. 

Each  outbreak  has  shown  more  or  less  clearly  the 
characters  common  to  these  epidemics— 1  simul- 
taneous attacks;  2,  similarity  of  symptoms  and 
post-mortem  signs;   3,  a   history  of  infection  in 
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common.  The  usual  symptoms  include  .•k^ors,  faint- 
ness,  vomiting,  diatTh,^>a,  abdominal  pain,  and 
occasionally  skin  eruptions.  As  a  rule,  certain 
nervous  conditions  have  supervened,  such  as  giddi- 
ness, headache,  paralysis,  mental  depression,  etc.,  and 
occasionally  these  symptoms  have  been  predomina.nt 


Date  of 
occurrence. 


ISSO 
18S1 
18.82 

ISS? 
1S82 
1886 
1886 
1887 
1888 
1889 
1891 
1896 
1898 

1899 
1899 
1902 
1903 
1906 
1907 
1908  ' 


Place  of 
occurrence. 


Wei  beck 
Nottingham 
Oldhaiu 

Bishop's  Stortford 
Whitchurch 

Carlisle 
Iroiibridge 
Retford 
Middlesbrough 
Cirlislc 
Portsmouth 
Mansfield 
Oldham  and 
Cliadderto.'i 
Nuneaton 
Sheffield 
Derby 
Chadderton 
Bedfoi'dshire 
Wigan 
Limericlc 


No.  of 
cases. 


72 
1.0 
9 

6 
20 
20 
12 
SO 

114 
2a 
1.} 

26.5 

54 
42 
24 

221 
40 
29 

168 
73 


Pel  iod  of 
incubation 
in  hours. 


12-48 
12-34 
4 

24 

1-5 
0-40 
0-12 
8-36 

24 
14-17 
18-24 

48 
12-18 
2-3 
4-24 

8-24 
36 
6-12 


Probable  source 
of  infection. 


Cold  boiled  lianis 
Pork 

American  tinned 

pig's  tongue 
Beef 
Brawn 

Ham  &  game  pi.; 
Veal  pies 
Pork  brawn 
American  bacon 
Pork  pies 
Cold  meat  pie 
Potted  meat 

Veal  pies 
Pork 

Corned  beef 
Pork  pie 
Ox  tongue 
Pork  pie 
Potted  tongue 
Beef 


Meat  poisoning  appears  to  depend  not  upon  the 
number  of  bacteria  present  in  the  meat,  but  upon  the 
particular  species  (that  is,  bacterial  infection),  and 
their  products  (ptomaines,  toxins,  that  is,  2ytomiine- 
poisoning).     A   long   incubation    period  generally 
indicates  poisoning  by  bacteria  (an  infection),  and  a 
short  incubation  period  poisoning  by  products  (an 
intoxication).  In  1888,  Gaertner  of  Jena  investigated 
an  outbreak  of  disease  aflfecting  58  persons  who  had 
eaten  uncooked  meat.    One  victim  died,  and  from  his 
body,  as  well  as  from  the  meat,  Gaertner  isolated  the 
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B.  enteritidis,  an  organism  allied  to  the  coli  groujj. 
Since  that  period,  various  types  of  the  B.  enteritidis, 
as  well  as  B.  bottdinus  of  Ermengem,  B.  enteritidis 
sporogenes  of  Klein,  B.  aetrych  (De  Nobele),  B. 
suipestifer,  B .  paratyphosiis  (8.),  and  certain  putre- 
factive bacteria,  particularly  of  the  coli  group  (p.  61), 
have  been  held  responsible  for  causing  such  illnesses. 

5.  enteritidis  (Gaertner).    Characters  similar  to  B.  typhoms 
(morphology,  motility,  and  staining  jjroperties),  but  grows 
more  rapidly  in  gelatin  ;  fewer  flagella ;  ferments  lactose  and 
sometimes  dextrose  ;  does  not  produce  indol  or  coagulate  milk  ; 
positive  neutral-red  reaction  ;  in  litmus  whey  or  litmus  broth' 
acid  is  first  produced,  and  then  the  medium  becomes  distinctly 
alkaline.    Virulent   to   rodents   and  small  animals  (gastro- 
intestinal symptoms,  htemorrhagic  enteritis  and  swelling  of 
lymph  follicles).    Forms  no  spores,  and  therefore  cannot  sfand 
very  high  temperatures.    (Killed  at  70°  C.  in  one  minute  )  It 
proauces  agglutinating  properties  in  the  blood  of  the  patient 
and  IS  separable  from  paratyphoid  bacilli  by  this  test  Multi- 
plies with  great  rapidity  in  meat  foods,  and  can  thrive  in  such 
media  for  long  periods. 

B.  botuUnus  (Ermengem).  Van  Ermengem  describes,  under 
the  name  of  botuhsm,  a  state  brought  about  by  the  ingestion 
ot  various  articles  of  food,  such  as  ham,  tinned  or  preserved 
foods,  oysters,  mussels,  etc^.,  and  which  is  characterized  bv 
comparatively  slow  onset  (twelve  to  twenty-four  hours  after 
infection),  secretory  troubles,  paralysis  of  certain  muscles,  par- 
ticularly of  tongue  and  pharynx,  dilatation  of  pupil,  aphonia 
dysphagia,  constipation,  retention  of  urine,  absence  of  uncon' 
sciousness  and  of  fever,  etc.     Botulism  differs  considerably 
from  the  more  common  form  of  food-poisoning  with  which  we 
are  acquainted  in  England,  and  which  is  characterized  bv 
practically  the  same  symptoms  as  those  of  epidemic  diarrhoea 
K  Mn.s  .s  4  9  ^  long  and  0-9-1-2  ^  broad;  round? slowly 
motile.  4  9  flagella.    Polar  spores,  tilled  in  thirty  minutes  at 

fn   n;it,nT  /f'^^  ^*'"?'  coagulate  milk;  anaerobic „• 

in   cultures  often  produces  gas  and  a  sour,  rancid  odour 
Pathogenic  for  guinea-pigs,  rabbits,  and  other  smaU  animals' 
B.  enterittdis sporogenes  of  Klein(w'e  Epidemic  Diarrhoea.p.  442).' 

It  is  now  well  established  that  the  majority  of 
the  recognized  outbreaks  of  meat-food  poisoning  are 
caused  by  the  B.  enteritidis  of  Gaertner  Del6pine 
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lield  tliaL  in  the  Dei-ljy  outbreak  (1902)  the  presence 
of  tlie  bacillus  in  the  pork  pies  was  due  to  contamina- 
tion of  the  meat  bafore  it  was  cooked,  and  that  tlie 
central  parts  of  the  pies  were  not  thoroughly  cooked.  It 
frequently  happens  in  thfjse  cases  that  some  constituent 
part  (such  as  jelly)  of  the  manufactured  article  or  pre- 
pared dish  is  really  the  polluted  portion.  Experience 
of  meat-poisoning  outbreaks  leads  to  the  conclusion 
that  the  meat  has  contracted  its  poisonous  properties 
in  one  or  all  of  the  following  ways,  viz.  specific  in- 
fection from  animals  suffering  from  disease,  putrefac- 
tion or  unsoundness  in  the  meat,  unclean  manipu- 
lation or  storage  in  insanitary  places,  and  insufficient 
cooking.  The  methods  of  prevention  are  therefore 
obvious.  Occasionally  tinned  goods  cause  poisoning, 
owing  to  metallic  absorption,  and  this  must  be 
differentiated  from  bacterial  poisoning. 

Tuberculosis — This  disease  is  setup  in  animals 
by  the  tubercle  bacillus,  which  is  either  identical  with, 
or  an  allied  form  of,  the  B.  tuberculosis  of  Koch. 

Tuberculosis  is  common  among  cattle,  especially 
if  stall-fed,  and  is  increased  by  the  practice  of  housing 
them  with  inadequate  air-space  and  ventilation.  Out 
of  23,000  cattle  slaughtered  at  Leipsic  in  1895,  tuber- 
culosis was  found  in  33  per  cent.  The  tuberculin 
test  has  revealed  the  presence  of  tuberculosis  in  54  per 
cent,  of  the  cows  of  certain  breeds  in  certain  dairies 
in  Great  Britain. 

Investigations  carried  out  in  1902  in  all  the  chief 
breeds  in  this  country  showed  that  14-7  per  cent, 
are  affected  with  tuberculosis  (Geddes).  Probably  the 
general  average  is  about  15-20  per  cent.  In  London 
and  other  large  cities,  where  a  high  degree  of  in- 
spection is  maintained,  and  where  there  is  no 
in-breeding,  a  very  small  and  negligible  number  of 
the  cows  are  tubercular. 

It  has  long  been  customary  to  condemn  as  unfit 
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for  food  all  parts  of  a  carcase  in  which  tubercle  is 
found,  and  the  whole  carcase  if  the  disease  be  far 
advanced  and  the  animal  emaciated.  Following  the 
conclusions  of  the  Paris  Congress  of  1888  many 
authorities  have  adopted  a  more  stringent  standard, 
and  condemn  the  whole  carcase  if  there  be  any  tubercle 
in  any  part,  no  matter  how  slight  or  localized. 

The  Royal  Commission  on  Tuberculosis  (1895) 
reported  in  1898  as  follows  : — 

The  following  principles  should  be  observed  in 
the  inspection  of  tuberculous  carcases  of  cattle  :  

(«)  When   there   is  miliary  tuber-  \ 
culosis  of  both  lungs 

(i)  When  tuberculous  lesions  are 
present  on  the  pleura  and  peri- 
toneum ..... 

(c)  When   tuberculous    lesions   are  \ 

present  in  the  muscular  system,  V 
or  in   the  lymphatic   glands  ' 
embedded  in"  or  between  the 
muscles  ..... 

(d)  W^hen  tuberculous  lesions  e.xist 

in  any  part  of  an  emaciated 
carcase 


Generalized  tuber- 
culosis is  present, 
and  the  entire 
carcase  and  all 
the  organs  may 
be  seized. 


i")  When  the  lesions  are  confined  \ 
to  the  lungs  and  the  thoracic 
lymphatic  glands 

(A)  AVhen  the  lesions  are  confined 
to  the  liver  .... 

{o)  When  the  lesions  are  confined  \ 
to  the  pharyngeal  lymphatic 
glands  

{(f)  When  the  lesions  are  confined 
to  any  combination  of  the 
foregoing,  but  are  collectively 
small  in  extent       .       .  J 


Localized  tubercu- 
losis is  present, 
and  the  carcase, 
if  other  wise 
healthy,  shall  not 
be  condemned, 
but  every  jjart 
of  it  containing 
tuberculous  le- 
sions shall  be 
seized. 


In  view  of  the  greater  tendency  to  generalization 
ot  tuberculosis  m  the  pig,  we  consider  that  the  presence 
of  tubercular  deposit  in  any  degree  should  involve 
.seizure  ot  the  whole  carcase  and  of  the  organs. 
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"In  respect  of  foreign  dead  meat,  seizure  shall 
ensue  in  every  case  where  the  pleurae  have  been 
'  stripped.' 

The  tubercle  bacillus  is  most  easily  found  in  the 
glands,  and  tuberculous  deposits  in  the  muscles  are 
very  rare.  The  bacillus  is  scarce  in  the  caseating 
nodules.  In  the  pig  it  is  difficult  to  detect  the  bacilli 
as  a  rule,  though  the  disease  is  very  common  in  that 
animal,  affecting  chiefly  the  abdominal  organs  and  the 
glands  of  the  throat.  It  is  rare  in  the  sheep.  The 
Royal  Commission  reported  that  "  in  tissues  which 
goto  form  the  butcher's  joint,  the  material  of  tubercle 
is  not  often  found  even  where  the  organs  (lungs, 
liver,  spleen,  membranes,  etc.)  exhibit  very  advanced 
or  generalized  tuberculosis  ;  indeed,  in  muscle  and 
muscle  juice  it  is  very  seldom  that  tubercle  bacilli  are 
to  be  met  with  ;  perhaps  they  are  somewhat  more 
often  to  be  discovered  in  bone,  or  in  some  small 
lymphatic  gland  embedded  in  intermuscular  fat." 
The  chief  way  in  which  such  meat  substance  becomes 
infected  with  tubercle  appears  to  be  through  careless- 
ness in  the  butcher,  who  perchance  smears  the  meat 
substance  with  a  knife  which  has  been  used  in  cutting 
the  organs,  and  so  has  become  contaminated  with 
infected  material.  "  Ordinary  cooking,  such  as  boiling 
and  more  especially  roasting,  though  quite  sufficient 
to  sterilize  the  surface,  and  even  the  substance  for  a 
short  distance  from  the  surface  of  a  joint,  cannot  be 
relied  upon  to  sterilize  tubercular  material  included 
in  the  centre  of  rolls  of  meat,  especially  when  these 
are  more  than  three  pounds  or  four  pounds  weight. 
The  least  reliable  method  of  cooking  for  this  purpose 
is  roasting  before  a  fire ;  next  comes  roasting  in  an 
oven,  and  then  boiling."  (Sims  Woodhead.) 

It  should  be  added  that  whilst  it  is  evident  that 
tuberculosis  is  not  greatly  spread  by  the  consumption 
of  tuberculous  meat,  the  Royal  Commission  of  1895 
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definitely  concluded  that  "  we  must  believe  that  any 
person  who  takes  tuberculous  matter  into  the  body  as 
food  incurs  some  risk  of  acquiring  tuberculous  disease." 
In  spite  of  Koch's  views  to  the  contrary,  which  are 
discussed  subsequently,  that  conclusion  still  repre- 
sents, broadly,  the  views  of  most  authorities. 

Characters  of  g-ood  meat. — It  should  be  firm 
and  elastic,  but  not  tough,  and  it  should  not  "  pit "  on 
pressure  ;  a  thin  red  meat  juice  (acid)  will  often  exude 
in  small  quantity  on  standing ;  the  meat  substance 
should  be  red  throughout,  not  pale,  purple,  or  green; 
marbled  by  layers  of  fat ;  free  from  purulent  or  gela- 
tinous fluid  in  the  septa  between  the  muscular  bands ; 
fresh  and  pleasant  in  smell,  as  tested  by  a  clean  skewer 
which  has  been  plunged  into  the  interior.  The  reaction 
should  be  slightly  acid.  The  meat  should  "  set "  within 
twenty-four  hours.*  The  flesh  is  pale  in  pork,  in  young 
animals,  and  in  those  suffering  from  exhausting  dis- 
eases ;  dark  in  old  animals,  or  those  which  have 
died  with  the  blood  in  them,  or  in  inflamed  parts ; 
wet  in  dropsy,  and  often  in  inflammatory  diseases. 
With  commencing  putrefaction  the  colour  becomes 
pale,  and  the  smell  disagreeable  ;  later  the  meat  softens 
in  parts  and  turns  green. 

The  liver,  lungs,  heart,  and^ flesh  should  be  examined 
for  parasites ;  the  head,  stomach,  and  intestines  for 
evidences  of  specific  disease.  The  microscope  would 
detect  Cysticerci  (usually  visible  to  the  naked  eye)  and 
Trichinm  in  muscle,  and  Stephanurus  dentatus  in  the 
brain.  To  demonstrate  Trichince,  a  thin  section  should 
be  put  into  liquor  potassse  for  a  few  minutes  only 
until  the  muscle  becomes  translucent.  The  coiled 
embryo  will  be  seen  inside  the  capsule. 

*  Horse  flesh  may  be  diflei-entiated  from  beef  by  the  following 
characters  :  It  does  not  set  so  rapidly  or  so  well.  It  is  more  tendinous 
and  fibrous,  contains  less  fat,  which  is  oily  and  yellow,  and  possesses  a 
horsey  smell.  The  colour  is  also  more  brown-red  and  less  bright  tha,n  in 
soimd  beef, 
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The  fat  sliould  l»o  linn,  wliito,  and  free  from 
hfemorrliagas  ;  not  yellow  or  gelatinous. 

/'«/!  consists  of  olein,  palmitin,  and  stearin,  which  are 
respectively  oleic  acid,  palmitic  acid,  and  stearic  acid,  combined 

with  glycerin  as  a  base.  Stearin,  ^'^^"^^^/l'  j  0..„  melts  at 
about  65°  C. ;  palmitin,  }  0;,,  at  a  variable  point 

between  35°  C.  and  60°  C;  olein,(^is^g^j'Oa  j  O3,    at    &^  C 

Fats  with  a  high  melting  point,  such  as  mutton  fat,  consist 
mamly  of  stearin;  those  with  a  low  melting  point,  such  as 
bacon  fat,  pi'incipally  of  olein. 

Sausages  are  liable  to  convey  the  same  diseases  as 
the  meat  from  which  they  are  made,  but  there  are 
no  longer  any  macroscopic  signs  to  guide  us.  In  a 
fatal  case  at  Chester,  investigated  by  Ballard,  violent 
symptoms  of  gastro-intestinal  irritation  came  on  within 
half  an  hour  of  eating  sausage,  which  was  found 
to  contain  an  organic  chemical  poison.  There  have 
since  been  similar  cases.  Decomposition  may  be 
detected  by  the  smell,  which  is  made  more  obvious 
by  adding  hot  water  and  lime-water. 

Preservation  of  meat  may  be  effected  for  a 
time — 

(1)  By  exclusion  of  air.  The  meat  is  dipped  into 
boiling  water  so  as  to  form  an  impervious  layer  of 
coagulated  albumin  on  the  surface ;  or  coated  with 
paraffin,  or  simply  with  fat, 

(2)  By  injection  of  preservative  solutions.  The 
blood-vessels  are  injected  first  with  water,  then  with  a 
solution  of  alum  and  aluminium  chloride — or  even 
sodium  chloride. 

(3)  By  application  of  preservatives  to  the  surface. 
The  meat  may  be  covered  with  salt,  sugar,  boric 
acid,  boroglyceride,  powdered  charcoal,  weak  carbolic 
acid,  or  other  fixed  antiseptic.  Or  it  may  be  kept  in 
a  closed  vessel  containing  volatile  oils  or  antiseptics. 
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(4)  By  pickling.  Common  salt,  with  a  little 
potassium  nitrate,  is  rubljecl  into  the  meat,  or  the 
latter  is  innuersed  in  strong  brine.  Water  is 
abstracted,  and  the  salt  acts  as  a  preservative. 

(5)  By  drying.  Meat  is  exposed  in  somewhat 
thin  layers  to  dry  air,  or,  still  better,  to  the  smoke 
from  a  wood  fire. 

(6)  By  continuous  exposure  to  cold  {freezing). 
Meat  can  be  kept  in  a  cold-air  chamber  for  an 
indefinite  period,  but  decomposes  rapidly  upon 
thawing  if  rigor  mortis  had  set  in  before  freezing.  It 
is  better  to  keep  the  temperature  a  little  above 
freezing-point  {refrigerated  or  chilled  meat),  as 
actual  freezing  has  certain  disadvantages. 

(7)  By  hermetically  sealing  in  tin  cases  or  other 
vessels  in  vacuo,  or  in  sterilized  air.  Various  devices 
are  adopted  to  sterilize  the  contents  of  the  tins. 
Before  sealing,  air  may  be  drawn  off"  and  replaced  by 
nitrogen  and  sulphurous  acid,  or  by  air  which  has 
been  heated  to  500°  F.,  or  by  steam.  Other  pro- 
cesses aim  at  complete  exclusion  of  air,  or  exclusion 
of  part  and  removal  of  oxygen  from  the  remainder 
by  means  of  sodium  sulphite,  or  at  exclusion  of  all 
germ  life  by  boiling. 

The  dangers  attending  the  use  of  jx-eserved  meat 
are  those  depending  upon  the  original  character  of  the 
meat,  already  referred  to,  together  with  risk  of  putre- 
faction if  the   process   is  imperfectly  carried  out. 
Tinned  meat  sometimes  gives  rise  within  twelve  hours 
to  symptoms  of  acute  gastro-intestinal  irritation,  viz. 
vomiting,  purging,  cramps,  some  degree  of  pyrexia, 
irregular  pulse,  and  prostration.    These  ill  effects  may 
result  from  decomposition  due  to  imperfections  in  the 
process  ;  and  in  this  case  the  tin  will  show  signs  of 
pressure  in  place  of  the  usual  vacuum  ("bfown" 
tins),  and  the  meat  may  have  an  oflfensive  smell  and 
taste.    Not  infrequently,  however,  no  such  changes 
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are  noticed,  but  salts  of  tin,  zinc,  or  lead  are  found 
in  tlie  meat  and  jelly,  due,  no  doubt,  to  the  action 
ot  sodium  chloride  or  organic  acids  upon  tlie  tin  or 
solder,  perhaps  aided  by  galvanic  action.  Dangers 
arising  from  the  consumption  of  tinned  food  are  due 
to  changes  in  the  food  itself,  the  use  of  preservatives 
or  colouring  agents,  or  defects  in  the  canning. 

Cooking?  brings  about  coagulation  of  the  myosin 
and  other  albuminoids,  renders  the  meat  soft  and 
tender  by  converting  the  connective  tissue  into  gelatin, 
and  reduces  the  amount  of  water  and  extractives. 
Boiling  in  the  ordinary  way  causes  a  loss  of  25  per 
cent,  or  more,  but  most  of  the  salts  and  soluble  sub- 
stances may  be  retained  by  plunging  the  meat  for  five 
minutes  into  boiling  water,  and  then  continuing  the 
cooking  at  a  low  temperature.  The  loss  is  greater 
in  roasting  than  in  baking,  and  least  in  boiling.  The 
various  albuminoids  coagulate  at  temperatures  rang- 
ing from  85°  to  170°  F.,  htemoglobin  at  160°.  If, 
therefore,  the  temperature  at  any  part  does  not  reach 
160°  the  meat  is  underdone;  and  if  it  exceeds  170°  the 
tissues  shrink  and  become  hard  and  indigestible.  The 
best  temperature  is  about  160°.  Boasting  also  entails 
a  loss  of  about  25  per  cent.,  but  mainly  of  water, 
with  some  fat  and  a  little  gelatin.  It  is  advisable  first 
to  expose  meat  to  an  intense  heat  and  afterwards  cook 
it  slowly.  Ordinary  cooking  or  pickling  affords  little 
protection  in  meat  infected  with  specific  virus. 

Meat  inspection. — The  effectual  inspection 
of  meat  really  requires  {a)  veterinary  inspection  of 
animals  before  slaughter,  and  {b)  systematic  inspec- 
tion in  some  form  of  clearing-house  of  all  market 
meat.  In  the  absence  of  these  two  requirements, 
meat  inspection  must  necessarily  be  incomplete.  In 
some  countries  there  is  State  inspection,  and  all 
marketable  meat  bears  an  official  stamp.  In  this 
country,  however,  the  duty  of  meat  inspection  rests 
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mainly  with  the  Local  Authoi-ities,  the  larger  of 
which  employ  Meat  Inspectors  specially  qualified  for 
the  work. 

Qualifications  of  Meat  Inspectors. — The  L.G.B.,  in  cifcular 
letters  addressed  to  local  authorities  in  1899  and  1901,  strongly 
urged  that  Meat  Inspectors  should  be  directed  to  act  in  accord- 
ance with  the  principles  laid  down  by  the  Roj'al  Commission 
with  regard  to  Ihe  condemnation  and  "seizure  of  meat  aifected 
with  tuberculosis  (p.  113),  and,  further,  that  they  should 
possess  proper  qualifications  for  the  office,  including  acquaint- 
ance with — 

(«)  The  law  of  meat  inspection. 

{b)  The  names  and  situations  of  the  organs  oE  the  body. 
(c)  Signs  of  health  and  disease  in  animals  destined  for 

food,  both  when  alive  and  after  slaughter. 
{d)  The  appearance  and  character  of  fresh  meat,  organs, 

fat  and  blood,  and  the  conditions  rendering  them,  or 

preparations  from  them,  fit  or  unfit  for  human 

food. 

_  Any  Inspector  of  Nuisances  or  Sanitary  Inspector  to  whom 
either  of  these  orders  applies  is  require!  in  any  case  of  doubt 
in  connection  with  the  inspection  and  seizure  of  meat  to  report 
the  matter  to  the  Medical  Officer  of  Health,  with  the  view  of 
obtaining  his  advice  thereon. 

Methods  of  inspection — Cursory  inspection  will 
frequently  niisleac],  and  it  is  desirable  for  the  meat 
inspector  to  perform"  his  duties  in  a  systematic 
manner.  At  the  slaughter-house  or  in  the  wholesale 
market,  meat  may  be  examined  as  follows  (written 
notes  being  made)  : — 

(«)  Inspection  of  the  carcase.— Note  in  parti- 
cular the  species  of  animal,  the  genei-al 
character  of  the  carcase,  size,  weight,  emaci- 
ation, the  condition  of  the  bones,  the  pleura 
(and  whether  "stripped"  or  not),  the 
peritoneum,  the  kidneys,  the  superficial  and 
deep  glands,  the  colour  and  condition  of 
the  fiesh  (to  be  judged  by  the  freshly  cut 
surface),  staining  of  the  peritoneum  owing  to 
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decomposition  in  the  intestine,  signs  of  dropsy 
or  inflammation,  signs  of  di-iigging,  etc 
(6)  Inspection  of.  the  orcjana  {constiiuting  the 
The  head  ;  the  heart,  lungs  and 
liver  ("i^lucks");  spleen,  udder,  stomach, 
and  intestines,  should  each  be  examined  if 
available, 

(c)  The  mode  of  dressing  the  carcase.— Artificial 
inflation   of  emaciated  tissues  by  air,  the 
smearing  of  fat  over  the  surface  of  the 
carcase,  stripping  of  the  membranes,  skilful 
dressing  of  the  carcase,  and  evident  prepara- 
tion of  it  for  market,  should  all  be  noted. 
Sometimes  methods  are  adopted  to  disguise 
the  real  condition  of  meat  on  the  one  hand, 
and,  on  the  other,  meat  for  human  consump- 
tion is  dressed  to  a  marketable  standard. 
{d)  Miscellaneous.— In  addition  to  the  condition 
of  the  meat  itself,  there  are  other  matters 
not  to  be  neglected  by  the  meat  inspector, 
such  as  the  price  marked  upon  the  meat, 
whether  it  was  exposed  for  sale,  or  deposited 
for  the  purpose  of  sale,  or  deposited  for 
preparation  for  sale,  the  hour  at  which  it 
was  inspected  (or  subsequently  seized),  the 
condition  and  temperature  of  the  atmosphere, 
etc.    All  these  may  become  of  importance 
in  any  subsequent  proceedings, 
(e)  Inspection   of  foreign   meat.  —  Under  the 
Public  Health  (Food  and  Meat)  Regulations 
1908  (p. 639),  additional  duties  of  meat  in- 
spection are  imposed  upon  the  M.O.H.  or 
any  duly  authorized  person.    This  foreign 
boneless  and  "  boxed  meat  "  is  imported  in 
boxes  in  the  frozen  state  from  the  United 
States,  New  Zealand,  Australia,  and  Argen- 
tina.   Some  of  it  arrives  preserved  in  boric 
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acid   in  barrels,  or  frozen   in  bags.  The 
pieces   of  meat  are  often   packed  tightly 
together   and    form  a   solid   mass,  or  so 
rolled  and  folded  as  to  make  identification 
and  examination  impracticable.    The  con- 
dition of  such  meat  must  be  judged  on 
broad  general  lines,  and  chemical  analysis 
made  when  necessary.    Special  attention 
should  be  dii'ected  to  tripe,  tongues,  kidneys, 
or  pieces  imported  in  "  sweet  pickle "  or 
"  patent  pickle."    If  tuberculosis  be  found 
to  be  present  in  any  degree  in  pig  carcases 
the  whole  carcase  should  be  condemned. 
Facilities  should  always  be  provided  to  the 
importer  or  vendor  to  have  the  meat  ex- 
amined on  his  own  account  {see  p.  641). 

3Iode  of  proceediiHj.~An  inspector  who  comes  across  un- 
wholesome meat  should  {a)  "seize"  it,  unless  it  be  voluntarily 

fu"'''^^  A'rl^^  ^^'^  *^^^''"S'       initiative,  and  (h)  inform 

the  M.O.H.    If  the  M.O.H.  considers  the  meat  unfit  for  food, 
[c]  It  should  at  once  be  submitted  to  a  magistrate  for  con- 
demnation and  destruction,  the  owner  being  permitted  to 
have  the  meat  seen  by  experts  on  his  behalf  if  he  so  wishes 
[a)   ihe  case  should  be  fully  reported  to  the  S.A  ,  and 
instructions  may  be  taken  as  to  proceedings.    The  portions 
of  evidence  which  may  be  required  in  court  are  as  follows: 
U-j  A  copy  of  the  summons  issued  by  the  S.A.  against  the 
owner  of  the  meat;  (ii.)  the  order  signed  by  the  magistrate 
to  the  efleect  that,  having  examined  the  meat,  he  had  Ordered 
;         rl'^^'i  ^-'"-^       resolution  of  the  S.A.  or  Committee, 
signexl  by  the  chairman;  (iv.)  copies  of  subpoenas;  (v.)acleai' 
and  concise  statement  of  the  inspector's  evidence  of  seizure 
and  the  reasons  for  seizure  ;  (vi.)  a  statement  by  the  M.Q.H 
as  to  the  pathological  condition  of  the  meat  in  question  and  its 

or  veTetir  ;  (^iM  collateral  evidence  of  medical 

or  veterinary  experts,  if  such  are  to  be  called,  and  of  other 
persons,  salesmen,  porters,  butchers,  slaughterers,  etc. 

Classification  of  unwholesome  meat.  —  Before 
forming  an  opinion  as  to  unwholesomeness  of  meat 
It  IS  necessary  to  decide  as  to  its  quality  and  condi- 
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tion  ;  that  IS  whether  it  is  fresh  home-grown  meat  or 
trozen  chilled,  salted,  or  pickled  meat.    Haviru/  as- 
sured himself  of  the  conditions  under  which  the  meat 
IS  being  examined,  the  next  step  for  the  Meat  Inspector 
IS  to  diagnose  the  disease  with  which  the  meat  is 
aiiected.    Broadly,  and  for  practical  purposes  of  meat 
inspection,  these  may  be  divided  into  three  groups 
-—(a)    general  pathological  conditions  ;    (b)  specific 
disease  ;  (c)  decomi^osition.    Among  the  first  group 
are  conditions  of  ordinary  degeneration  of  the  tissues 
and  inflammation:   fatty   infiltration,  calcification, 
and  infiltration  by  pigment,  as  in  melanosis  and  jaun- 
dice ;   cloudy  swelling,  fatty  degeneration,  amyloid 
disease,  gangrene,  etc.  ;  fevered  flesh  and  the  meat 
of  unbled  animals  that  have  died  or  have  been 
slaughtered  when  in  a  moribund  condition.  The 
last  named  is  blood-stained,  sticky,  pits  on  pressure, 
and  possesses  a  unemic  smell.  It  rapidly  decomposes' 
and  is  heavily  charged  with  ptomaines.    Tliere  are 
a  variety  of  inflammatory  diseases,  some  of  which 
are_  doubtless  due  to  specific  causes,  and  others  of 
which  the  origin  is  obscure. 

Secondly,  there  are  the  specific  diseases  of  animals 
which  cause  meat  to  be  unfit  for  food.  These  diseases 
are  not  necessarily  transmissible  to  man,  but  they 
produce  in  the  tissues  of  the  animal  suffering  from 
them  certain  poisonous  toxins.  It  should  be  remem- 
bered that  in  many  cases  such  products  occur  early 
in  the  disease,  and  not  only  when  it  has  reached  an 
advanced  stage.  Among  specific  diseases  for  which 
meat  should  be  seized  as  unfit  for  food  are  tu- 
berculosis, actinomycosis,  glanders,  anthrax,  swine 
fever,  contagious  pleuro-pneumonia,  septictemia,  cattle 
plague,  and  a  large  number  of  parasitical  diseases. 

Decomposition  of  meat  is,  of  course,  a  post-mortem 
change.  The  rapidity  with  which  the  decomposition 
sets  in  depends  upon  many  circumstances  external  to 
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the  meat,  such  as  teinjierature  of  the  air,  phice  of 
storage,  etc.  Colour,  consistence,  and  odour  are  the 
three  chief  signs  upon  which  reliance  may  be 
placed.  Mouldy  meat,  if  otherwise  good,  need  not 
be  wholly  condemned.  Such  moulds  frequently  con- 
sist of  penicillium,  mucor,  cladosporium  ("  black 
spot  "),  coloured  bacterial  growths,  etc.  Mould  con- 
tamination is  liable  to  occur  when  meat  has  been 
improperly  handled  or  stored.  There  is  no  evidence 
that  such  moulds  or  their  products  are  toxic,  though 
mouldy  meat  should  be  carefully  examined  for  de- 
composition. 

Fish 

As  a  rule,  fish  is  nutritious  and  digestible,  but 
deficient  in  fat,  though  eels  contain  it  in  abundance, 
and  salmon  and  herrings  also.  Fish  should  be  eaten 
only  in  season,  unbruised,  fresh,  firm,  and  free  from 
offensive  smell  and  disease.  Unsound  fish  is  dull  in 
appearance,  discoloured,  and  offensive.  The  least 
decomposition  renders  fish  unfit  for  food,  and  liable 
to  cause  gastro- intestinal  irritation  if  eaten.  Similar 
symjDtoms  occasionally  follow  the  use  of  apparently 
sound  fish.  The  consumption  of  halibut,  and  prob- 
ably of  other  fish  also,  has  been  known  to  cause 
diarrhoea  and  vomiting,  and  within  a  few  hours  a 
vivid  red  rash  may  appear  over  the  upper  part  of 
the  body,  followed  by  profuse  desquamation  lasting 
several  days.  Fish  is  largely  preserved  by  the  means 
already  referred  to,  and  especially  by  drying,  curing, 
salting,  or  canning. 

Oysters  and  sliell-lish.— Oysters  eaten  raw 
are  readily  digested,  but  other  shell-fish  are  as  a  rule 
indigestible  _  and  not  infrequently  cause  dyspepsia 
and  urticaria,  Mussels  are  especially  prone  to  be 
poisonous,  the  symptoms  including  not  only  dyspepsia 
and  urticaria,  but  also  swelling  of  the  tongue  and 
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fauces,  nunihucss  of  tlie  limbs,  and  weak,  irregular 
pulse.  Severe  and  often  fVital  attacks  have  been 
attributed  to  eating  mussels  gathered  upon  sliores 
polluted  by  sewage.  Many  of  the  cases  of  mus.sel- 
poisoning  are  believed  to  be  due  to  simple  acute 
dyspepsia,  but  others  have  been  traced  to  an  alka- 
loidal  poison  {mytilotoxioie)  contained  in  the  liver  of 
the  mussel. 

Cockles  and  periwinkles  arc  usually  cooked,  but 
mussels  are  often  eaten  raw,  and,  if  taken  from 
beds  to  which  sewage  has  access,  appear  occasion- 
ally to  have  given  rise  to  enteric  fever  among  con- 
sumers. 

Oysters,  under  like  conditions,  have  been  found  to 
convey  enteric  fever,  and  the  evidence  clearly  jjoints 
to  a  certain  ability  to  transmit  the  infection  of 
cholera  also.     In  the  spring  of  1894  Newsholmc 
attributed  a  number  of  cases  of  enteric  fever  at 
Brighton  to  the  consumption  of  oysters;  and  in  October 
and  November,  1894,  a  sudden  and  brief  outbreak  of  en- 
teric fever  occurred  among  the  students  at  the  Wesley  an 
University,  Connecticut,  and  was  investigated  by  Conn. 
In  all,  23  of  the  students  were  attacked,  13  of  the  cases 
being  of  severe  character,  with  4  deaths.    The  other 
10  were  of  very  mild  type.    A  consideration  of  the 
dates  of  attack  led  to  the  conclusion  that  infection 
must  have  taken  place  at  the  time  of  a  series  of  initia- 
tion suppers,  and,  by  exclusion  of  other  possible  factors, 
the  one  condition  common  to  all  sufferers  was  found 
to  be  the  eating  of  raw  oysters  taken  from  a  certain 
"  laying "  within  100  yards  of  sewers  receiving  the 
drainage  of  houses  in  one  of  which  were  two  per- 
sons suffering  from  enteric  fever.    Apart  from  the 
students,  there  were  a  number  of  guests,  two  of 
whom  had  well-marked  enteric  fever,  and  several  had 
less  definite  diarrhoeal  attacks.    Chantemesse  has  re- 
corded that  in  June,  1896,  14  persons  living  in  six 
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liouses  at  Saint-Andre-cle-Sangonis  ate  some  oysters 
wliicli  liad  been  stored  in  sewage-contaminated  water. 
All  of  these  persons,  but  no  other  members  of  their 
households,  fell  ill  ;  6  had  severe  attacks  of  enteric 
fever,  1  ending  fatally,  but  in  the  other  8  the 
symptoms  were  slight.  Among  other  microbes,  the 
Bacillus  coli  was  found  in  oysters  grown  under  like 
conditions;  and  Eberth's  bacillus,  as  well  as  the  colon 
bacillus,  was  found  in  the  liquor  and  in  the  body  of  the 
oysters  which  had  been  placed  in  sea-water  purposely 
contaminated  with  enteric  discharu^es. 

In  1S96,  Bulstrode  and  Klein  reported  to  the  L.Gr.B.  upon 
Oyster  Cnlture  in  Tielation  to  Disease.  Experiments  by  Klein 
gave  results  which  are  thus  summarized  by  Thorns  Thorne  in 
the  introduction  to  this  Report  : 

1.  The  cholera  vibrio,  and  still  more  the  typhoid  bacillus,  are 
difficult  of  demonstration  in  sewage  known  to  have  re- 
ceived them. 

2.  Both  these  organisms  may  persist  in  sea-water  tanks  for 
two  or  more  weeks,  the  typhoid  bacillus  re'aining  its 
characteristics  unimpaired,  while  the  cholera  vibrio  tends 
to  lose  them. 

3.  Oysters  from  sources  which  appeared  to  be  free  from  risk 
of  sewage  contamination  exhibited  none  of  the  bacteria, 
specific  or  otherwise,  which  are  commonly  regarded  as 
being  concerned  with  sewage.  . 

4.  Oysters  from  a  few  out  of  numerous  batches  derived 
from  sources  where  they  did  appear  to  be  exposed  to  risk 
of  sewage  contamination  were  found  to  exhibit  colon 
bacilli_a  circumstance  which,  notwithstanding  the  com- 
parative universality  of  this  intestinal  orgaiiism,  may  be 
regarded  as  having  some  significance  by  reason  of  the 
absence  of  this  bacillus  from  oysters  which  appeared  to 
have  been  exposed  to  no  such  risk. 

Since  that  time  there  have  been  many  consider- 
able outbreaks  of  enteric  fever  and  gastro-enteritis 
due  to  eating  infected  oysters,  including  two  at 
Wnichester  and  Southampton  in  1902,  which 
Bulstrode  traced  to  eating  oysters  grown  on  beds 
polluted  with  sewage.  He  summarized  the  evidence  as 


follows  :  Two  mayoral  banquets  occurred  on  the  same 
day  m  separate  towns  several  miles  apart.    In  con- 
nection with  each  banquet  there  occurred  illness  of 
analogous  nature,  attacking,  approximately,  the  same 
percentage  of  guests  (62  persons  or  46-3  p^r  cent,  at 
Winchester,  55  persons  or  41-3  per  cent,  at  South- 
ampton), and  at  corresponding  intervals.    At  both 
banquets  not  every  guest  partook  of  oysters,  but  all 
those  guests  who  suffered  enteric  fever,  and  approxi- 
mately all  those  who  suffered  other  illness,  did  partake 
ot  oysters.    Oysters  derived  directly  from  tlie  same 
source  constituted  the  only  article  of  food  which  was 
common  to  the  guests  attacked,  and  oysters  from  this 
source  were  at  the  same  time  and  in  other  places 
pi-ovmg  themselves  competent  causes  of  enteric  fever 
Klein  found  B.  coli,  B.  enteritidis  sporogenes,  and 
other  organisms  allied   to  the   Gaertner  group  of 
bacilli  m  oysters  from  the  sa.me  layings,  and  many 
other  bacteriologists  have  demonstrated  the  presence 
of  these  organisms  in  oysters  derived  from  polluted 
beds.  ^ 

The  results  of  the  investigations  carried  out  by 
Houston  for  the  Royal  Commission  on  Sewage  Disposal 
tend  to  prove  that  the  contamination  of  oysters  by 
B.  coli  is  widespread  and  not  altogether  dependent 
on  sewage  contamination.    He  examined  over  1,000 
oysters,  and  nearly  all,  from  whatever  laying  they 
were  taken,  contained  B.  coli  or  coliform  organisms. 
This  did  not  hold  good  as  regards  deep-sea  oysters, 
which  were  free  from  this  organism  (and  sjDores  of 
B.  enteritidis  sporogenes),  as  was  also  deep-sea  water. 
Houston  found  the  number  of  B.  coli  in  an  oyster 
varied  from  10  to  10,000  (in  10-15  c.c),  and  the 
contents  of  the  stomach  of  the  oyster  contained  more 
B.  coli  than  the  liquor  in  the  shell.    Fewer  B.  coli 
were  found,  as  a  rule,  in  oysters  stored  in  pure 
waters,  but  instances  occurred  where  the  numbers 
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of  such  bacilli  were  as  great  as  in  oysters  from  con- 
taminated sources.  It  has  been  shown  by  various 
workers,  in  particular  by  Klein  in  1905,  that  oysters, 
cockles,  and  mussels  have  the  jiower  of  clearing 
themselves  of  infective  germs,  partly  by  passing 
them  out,  and  partly  by  "directly  devitalizing  the 
microbe." 

Such  is  some  of  the  bacteriological  evidence  down 
to  recent  date,  and  whilst  it  may^ppear  to  be  of  a 
conflicting  nature,  there  are  certain  conclusions  which 
may  be  drawn.     First,  the  number  as  well  as  the 
presence  of  B.  coli  in  oysters  must  be  considered. 
Secondly,  toi^ographical  evidence  as  to  pollution  must 
be  taken  in  conjunction  with  bacterial  evidence,  and, 
at  present,  the  former  is  more  reliable  than  the  latter. 
Thirdly^  oysters  ordinarily  grown  on  contaminated 
oyster-beds  may,  and  do  on   occasion,  contain  the 
virulent  specific  bacillus  of  typhoid,  which  can  live 
both  m  sea-water  and  within  the  shell  of  the  oyster. 
This  being  so,  the  risk  of  typhoid  infection  from 
oysters  is  a  real  one,  although  in  actual  occurrence 
many  conditions  have  to  be  fulfilled. 

Freventive^  meastires.-:Pi-e&ent  legislation  does  not  give  to 
local  authorities  any  power  of  inspection  or  (-ontrol  oygv  oyster- 
layings  or  shell- fish  beds,  nor  any  powers  lo  pre^•ent  the  sale 
m  their  district  of  oysters  and  other  molluscs  derived  from 
sewage-contammated  sources,  nor  have  they  powers  to  control 
the  importation  of  foreign  oysters  from  whatever  source. 
Uysters  fattened  on  contaminated  beds  should  be  deposited  for 
a  time  m  pure  sea-water  before  consumption.  They  should  on 
no  account  be  stored  in  unclean  water. 

Other  shell-fish  than  oysters,  from  time  to 
time,  cause  epidemics  or  individual  cases  of  enteric 
tever  gastro-enteritis,  or  mytilotoxine  poisonino- 
J^  or  the  most  part  the  specific  contamination  of  such 
shell-fish  takes  jjlace  on  the  beds  or  layings,  in  the 
storage  ponds,  or  in  the  process  of  "washing,"  but 


occasionally  tlie  sholl-f.sh  bocome  infected  by  the 
retailer  {]hdstrodey    In  a  report  to  the  L.G.B.  on 
Cockles  as  Agents  of  Infectious  Diseases,"  Klein 
recorded  finding  B.  coli  in  3  out  of  8  cockles  which 
had  been  taken  from  a  foreshore  polluted  with  the 
discharge  from  a  sewer  outfall,  and  also  li.  entnritidix 
sporof/enes  in  4  of  them.    No'  typhoid  bacilli  were 
detected.    In  8  raw  cockles  in  their  shells  boucrht 
from  a  street  hawker,  he  found  no  typhoid  organisms 
but  7i.  eoh  was  found  in  5  out  of  the  8  cockles  and 
B.  enterihdis  f^porogenes  in  4  out  of  the  8.    In  sub- 
sequent experiments  Klein  came  to  the  conclusion 
that  a  mussel  immersed  for  22  hours  in  cholera-in- 
fected water  retained  the  bacilli  of  cholera  for  48 
hours  after  immersion  in  clean  sea-water,  and  the 
same  may  be  said  in  respect  of  typhoid  infection. 
Indeed,  evidence  was   obtained   showing  that  the 
typhoid  bacillus  could  multiply  in  cockles.  Merely 
pouring  boiling  water  over  a  heap  of  shell-fish,  as 
IS  customary,  does  not  necessarily  destroy  either 
cholera  or   typhoid   infection  contained    in  them. 
Prolonged  steam  sterilization  or  boiling  is  necessary. 
Since  the  time  of  Klein's  report,  a  number  of  out- 
breaks of  disease,  including  enteric  fever,  have  been 
traced  to  the  consumption  of  mussels  and  cockles, 
and  it  has  been  shown  that  the  cooking  which  these 
shell-fish  generally  undergo  is  not  sufficient  to  free 
them  from  risk. 

Milk 

Milk  contains  nitrogenous  substances,  fat,  carbo- 
hydrates, salts,  and  water,  and  may  be  regarded,  in  a 
sense,  as  a  complete  diet  in  itself.  The  chemical 
composition  varies  somewhat  according  to  the  breed  of 

,  *  See  77( »•<.(/. jV/H'/t  Ann.  Rept.  of  L.G.B.,  1909-10,  Si)ecial  Suppleineiit 
by  H.  T.  Bulstrocle  on  "Shell  Fish  oilier  than  Oysters  in  Relation  to 
Pisease. 
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animal,  its  age,  the  period  since  calving,  and  the  diet 
and  physical  conditions. 


Millv  of 

Milk  of 

1 

average 
country- 

aveiage 
town-fed 

1  Allien)  ey 
milk. 

Fore- 
milk. 

fed  cows. 

cows. 

Water  . 
Fat  . 

Protein  (casein,  etc.) . 

Milk-sugar 

Suits  (ash) 



88% 
3 
4 

4-5 
0-7 

86  % 
4 
S 

4-3 

0-7 

87  % 

3-  2 

4-  5 
4-1 
0-7 

90% 
0-2 

0-7 

Or  the  average  milk  constitution  may  be  expressed 
thus  : — 


Fat      .  .  .  .  4*1  per  cent. 

Solids  not  fat  .  .  .  8-8 


Total  solids     .  .  12-9 

Water.  ,  .  .  87-1 

Milks  vary  in  standard,  and  the  above  figures  can 
only  be  taken  as  fair  averages. 

Milk=sugar,  or  lactose  (Ci^H240i2),  is  a  constant  con- 
stituent of  milk,  forms  the  chief  substance  in  solution  in  whey  or 
serum,  and  is  a  member  of  the  cane-sugar  group.  It  is  found  in 
varying  quantities  in  the  milk  of  mammals.  About  5  per  cent, 
is  present  in  human  milk,  and  somewhat  less  in  that  of  the 
cow.  It  is  very  resistant  to  fermentation  by  yeast,  and  there- 
fore undergoes  alcoholic  fermentation  very  slowly.  It  is  not 
acted  upon  by  rennet,  pepsin,  or  trypsin.  But  of  all  the 
sugars  it  is  most  readily  acted  upon  by  micro-organisms. 

Fat  occurs  in  milk  as  suspended  globules  of  varying  size. 
It  forms  the  cream,  and  by  churning  is,  of  course,  made  into 
butter,  though  both  cream  and  butter  contain  other  constituents 
besides  fat.  Lloyd  has  shown  that  it  is  the  large  globules  that 
form  the  cream,  and  he  has  also  made  observations  upon  the 
size  of  fat  globules  in  relation  to  breed  of  cattle.  The  decom- 
position  and  breaking  down  of  milk-fat  by  fermentation  is  the 
chief  cause  of  gross  abnormalities  of  cream  and  the  rancidity  of 
butter.  The  proportion  of  cream  averages  about  8  per  cent., 
but  ranges  from  6  per  cent,  in  very  poor  milk  to  12  per  cent, 
or  15  per  cent,  or  more  ;  in  Alderney  cows  it  may  reach  iO  per 
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Zl'oUat  %ir!  f  '^'^  *°  correspond  rougUy  to  0-2 

pari  ot  tat     More  comploto  separation  of  cream  is  effected  hv 

rruK  abo  ^    ^^^P-^t-^-"    skimmed  n.ilk  .Ss. 

:;S|?'o::^e»d:rre^j-^^ 

lacto^/loK^'"r  ^"'^^"'^'^  lactalbumin,  and 

wJp?^t  "'^^t  abundant  and  important 

ries'ndt e?.r''?  if ""^  '"^'^     constituent  parts^he  ?a 
rises  and  the  casein  falls,  leaving  a  clear  fluid,  the  milk  plasma 
or  serum,  between  the  two  substances  ^ 
.    .V?'"^!:^;  matter.-The  ash  of  milk,  obtained  bv  careful 

SiuT  -^g-sium,  po'tasslum 

sodium,  phosphoric  acid,  sulphuric  acid,  chlorine,  and  iron- 
pbosphonc  acid  and  lime  being  present  in  the  largest  amoZts. 

Human  milk  contains  less  fat,  less  protein,  and 
more  sugar  than  cow's  milk  (e.g.  an  analysis  of  average 
^uman  milk  would  result  in  total  solids,  12-5  :  fat 
S'T;  proteins,  2-3;  lactose,  6-2;  and  ash,  0-3),  and 
therefore  to  modify  cow's  milk  so  as  to  bring  it  approxi- 
mately to  the  standard  of  human  milk  it  is  necessary 
to  dilute  it  and  add  milk-sugar.  Much  debate  has 
arisen  as  to  what  should  be  accepted  as  the  minimum 
standard  for  the  various  constituents  of  milk.  Broadly, 
It  is  now  usual  to  fix  the  fat  standard  at  2-75-3  per 
cent.,  and  the  "solids  not  fat  "  at  8-5  per  cent. 

The  following  are  the  recommendations  (1901)  of 
the  majority  of  a  Departmental  Committee 

1.  That  Regulations  under  s.  4  of  the  Food  and  Drugs 
Act,  1899,  be  made  by  the  Board  of  Agriculture  with  respect 
to  milk  (including  condensed  milk)  and  cream, 

2.  (a)  That  in  the  case  of  any  milk  (other  than  skimmed 
separated,  or  condensed  milk)  the  total  milk  solids  in  which,  on 
being  dried  at  100°  0.,  do  not  amount  to  12  per  cent.,  a  pre- 
sumption shall  be  raised,  until  the  contrary  is  proved,  that  the 
milk  IS  deficient  in  the  normal  constituents  of  genuine  milk. 

(A)  That  any  milk  (other  than  skimmed,  separated,  or 
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condensed  milk)  the  total  milk  solids  in  which  are  less  than  12 
per  cent.,  and  in  which  the  amount  of  milk  fat  is  less  than 
3-25  per  cent.,  shall  he  deemed  to  be  so  deficient  in  milk  fat  as 
to  raise  a  presumption  that  it  has  been  mixed  with  separated 
milk  or  water,  or  that  some  portion  of  its  normal  content  of 
milk  fat  has  beea  removed.  In  calculating  the  percentage 
amount  of  deficiency  of  fat  the  analyst  shall  have  re^-ard  to  the 
above-named  limit  of  3-25  per  cent,  of  milk  fat.  ° 

(c)  That  any   milk  (other   than  skimmed,  separated,  or 
condensed  milk)  the  total  milk  solids  in  which  are  less  than  12 
pel-  cent.,  and  in  which  the  non-fatty  milk  solids  are  less  than 
8-0  per  cent.,  shall  be  deemed  to  be  so  deficient  in.  normal 
constituents  as  to  raise  a  presumption  that  it  has  been  mixed 
with  water.     In  calculating  the  percentage  amount  of  ad- 
mixed water  the  analyst  shall  have  regard  to  the  above- 
named  limit  of  8-5  per  cent,  of  non-fatty  milk  solids,  and  shall 
further  take  into  account  the  extent  to  which  the  milk  fat  may 
exceed  3-25  per  cent.  '' 
3  That  the  artificial  thickening  of  cream  by  any  addition 
of  gelatine  or  other  substance  shall  raise  a  presumption  that 
the  cream  is  not  genuine. 

4.  That  any  skimmed  or  separated  milk  in  which  the 
total  milk  solids  are  less  than  9  per  cent,  shall  be  deemed  to  be 
so  deficient  m  normal  constituents  as  to  raise  a  presumption 
tnat  It  has  been  mixed  with  water. 

5.  That  any  condensed  milk  (other  than  that  labelled 
machme-skimmed  milk  "  or  "  skimmed  milk,"  in  conformity 

J;    f   f  ^'if7l  ^''J  1^9^)       ^^ich  either 

c.f  noXf  \«  10  per  cent,  or  the  amount 

of  non-fatty  milk  solids  is  less  than  25  per  cent,  shall  be  deemed 
to  be  so  deficient  m  some  of  the  normal  constituents  of  milk  as 
to  raise  a  presumption  that  it  is  not  genuine. 

T^^J^?^^?^}'^^  expressions  of  opinion  are"added  :  — 

(a)  I  hat  it  IS  desirable  to  call  the  attention  of  those 
engaged  m  the  administration  of  the  Food  and  Dru^s  Acts  to 
the  necessity  of  adopting  effective  measures  to  any 
addition  of  water  separated  or  condensed  milk,  or  other 
extraneous  matter,  for  the  purpose  of  reducing  the  quality  of 
igi'dture  ''"^'^  ""^'^      regulation^f  the^oa/d  of 

(b)  That  it  is  desirable  that  steps  should  be  taken  with  the 
t^J'amlLT^/T^       ;'ear-niarking''   separated  m!lk 

tHe  addition  of  some  suitable  and  innocuous  substance  and 

J,^^fl^''''\  i  procedure  similar  to  that  provided  by  s  7 

W  That  Ifil^r^'  t'M'l''  ^-^--^d  to'margarine^  "  ' 
{c}  1  hat  It  18  desirable  that,  so  far  as  it  may  be  found 
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practicable,  the  procedure  adopted  in  collecting,  forwardinir 
lnt\n^Z7''%^^  i""^  '^•^'""i'^'tion,  samples  of  milk  (including 
condonsGdnulk)and  cream  under  the  Food  and  Drugs  Acts 
wnouici  Do  umiurm. 

r.,Jf)  is  desirable  that,  so  far  as  may  be  found 

S«?S  'i  examination 
o±  samples  of  milk  (includmg  condensed  milk)  or  cream  taken 
under  the  Food  and  Drugs  Acts  should  be  uniform 

.  V*  1^  desirable  in  the  case  of  condensed  milk  (ofher 
than  that  labelled  "machino-skimmed  milk"  or  "skimmed 
conformity  with  s  11  of  the  Food  and  Drugs  Act, 
1899)  lhat  the  label  should  state  the  amount  of  dilution 
required  to  make  the  proportion  of  milk  fat  equal  to  that 
tound  m  uncondensed  milk  containing  not  less  than  3-25  per 
cent,  of  milk  fat. 

(/)  That  it  is  desirable  in  the  case  of  condensed  whole 
milk  to  limit,  and  in  the  case  of  machine-skimmed  milk  to 
exclude,  the  use  of  sugar. 

iff)  That  official  standardizing  of  the  measuring  vessels 
commercially  used  in  the  testing  of  milk  is  desirable. 

The  Sale  of  Milk  Regulations  of  1901  Avhich  fol- 
lowed this  Report  lay  down  that  (a)  where  a  sample 
of  milk  contains  less  than  3  per  cent,  of  milk  fat,  it 
shall  be  presumed  until  the  contrary  is  proved  that 
the  milk  is  not  genuine  by  reason  of  the  abstraction 
therefrom  of  milk  fat  or  the  addition  thereto  of  water ; 
(b)  where  a  sample  of  milk  contains  less  than  8-5  per 
cent,  of  "  solids  not  fat,"  it  shall  be  presumed  until 
the  contrary  is  proved  that  the  milk  is  not  genuine 
by  reason  of  the  abstraction  therefrom  of  "  solids  not 
fat,"  or  the  addition  thereto  of  water  ;  and  (c)  when  a 
sample  of  skimmed  or  separated  milk  (not  being 
condensed  milk)  contains  less  than  9  per  cent,  of  solids 
(including  fat),  it  shall  be  presumed  that  the  milk  is 
not  genuine.  Tliese  regulations  are  in  force  through- 
out Great  Britain. 

Acliilteratioiis. — Addition  of  water  and  abstrac- 
tion of  cream  are  by  far  the  most  frequent  frauds. 
Sodium  carbonate,  sodium  chloi'ide,  starch,  borax 
(1-2,000),  formalin  (1-50,000),  or  salicylic  acid  are 
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occasionally  added,  either  as  preservatives  or  in  order 
to  mislead  the  analyst.  Skimmed  milk  or  separated 
milk  is  frequently  fortified  by  the  addition  of  con- 
densed milk,  and  whole  milk  is  not  unfrequently 
diluted  with  separated  milk.  A  good  deal  of  "  mani- 
pulation "  of  milk  goes  on,  mixing  of  poor  with  rich, 
and  of  separated  and  condensed  milks  with  water  and 
with  whole  milk.  Annatto  and  turmeric  are  often 
added  to  impart  a  yellow  colour  to  milk. 

Addition  of  water  lowers  the  specific  gravity,  the 
percentage  of  fat,  "solids  not  fat,"  and  salts;  it  also 
makes  the  cream  rise  more  readily  to  the  surface. 
Abstraction  of  fat,  by  skimming  or  by  the  use  of  the 
separator,  increases  the  specific  gravity  and  the  per- 
centage of  salts  and  "  solids  not  fat,"  but  of  course 
reduces  the  fat  and  therefore  the  yield  of  cream.  The 
addition  of  condensed  milk  to  skimmed  milk  may  give 
an  appearance  of  extreme  richness,  but  the  salts 
and  "solids  not  fat "  will  be  in  excess. 

Owing  to  the  social  changes  by  which  an  increasing 
percentage  of  the  population  lives  in  towns,  the  practice 
of  adding^  preservatives  to  milk,  with  a  view  to 
"  keeping  "  it  over  the  necessary  transit  and  delay  in 
reaching  the  consumer,  is  increasing. 

In  1901  another  Departmental  Committee  ap- 
pointed by  the  Board  of  Agriculture  recommended 

1.  That  the  use  of  formaldehyde  in  food  and  drink  be 
absolutely  prohibited,  and  that  salicylic  acid  be  not  used  in 
greater  proportion  than  one  grain  per  pint  or  pound  respectively 
lor  liquid  or  solid  food,  its  presence  in  all  cases  to  be  declared! 
_  ^-  J-hat  the  use  of  any  preservatives  or  colouring  matters 
m  milk  be  made  an  oftence  under  the  Sale  of  Food  and  Drugs 

3.  That  boric-acid  preservatives  only  be  allowed  in  cream, 
the^amount  not  to  exceed  0-25  per  cent.,  and  be  notified  on  a 

4.  That  boric-acid  preservatives  only  be  allowed  in  butter 
the  amount  not  to  exceed  0-5  per  cent.  ' 
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T).  That  chemical  preservatives  be  prohibited  in  all  di,^fpf,V 
preparahons  for  the  une  of  children  anil  inva^ds. 

hibitod  '"^^^'^  "greening"  he  pro- 

ih^l'JP'f  ^'°"r?  °^  Reference  be  established  to  supervise 
the  use  ot  preservatives  and  colouring  matters  in  food.  ^ 

Bacteria  i,.  milk.-Milk  as  it  leaves  the  healthy 
I  elder  IS  a  sterile  fluid,  but  at  the  time  of  milking 
during  transit  to  the  dairy,  at  the  milkshop,  and  in  the 
home  of  the  consumer,  it  becomes  more  or  less  con- 
taminated.   Being  a  favourable  medium  for  the  growth 
of  bacteria,  and  being  frequently  kept  for  some  time 
at  a  favourable  temperature  for  the  multiplication  of 
germs,  milk  becomes,  as  a  rule,  heavily  impregnated 
with  bacteria.    In  addition  to  uncleanliness  generallv 
disease  of  the  cow's  udder  may  add  tubercle  bacilli' 
streptococci,  or  staphylococci;   and  infection  from 
tliose  handling  the  milk  may  add  a  further  quota. 
Ihus  It  comes  about  that  milk  is  often  found  to 
contain  millions  of  bacteria  per  cubic  centimetre 
varying  m  number  according  to  cleanliness  or  other- 
wise, treatment,  temperature,  and  storage.    The  species 
of  bacteria  found  in  milk  may  be  roughly  classified 
as  :  {a)  ordinary  bacteria  of  soil  and  water  ;  (b)  bacteria 
of  sewage,  manure,  or  intestinal  origin,  particularly 
coh  and  £.  enteriditis  sporogenes  ;  (c)  bacteria  of 
fermentation,  and  (d)  pathogenic  organisms  associated 
with  tuberculosis,  enteric  fever,  scarlet  fever,  diph- 
theria, sore  throat,  and  epidemic  diarrhoea.    Here  it 
is  only  necessary  to  consider  the  last  two  groups  of 
bacteria. 

Milk-sugar  undergoes  fermentation  like  other 
sugars  upon  the  introduction  of  a  suitable  fermenting 
agent.  ^  There  are  five  diff'erent  kinds  of  such  fer- 
mentation which  afiect  milk,  namely,  lactic-acid  and 
butyric-acid  fermentations,  coagulation  fermentation 
without  acid-production,  alcoholic  fermentation,  and, 
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lastly,  a  group  of  anomalous  changes  of  various  kinds. 
Lactic-acid  fermentation  is  the  ordinary  souring  of 
milk.  The  coagulated  casein  is  precipitated,  the  serum 
rises  and  carries  up  lumps  of  fat,  and  the  whole  be- 
comes acid.  This  change  is  due  to  a  group  of 
bacilli  [B.  acidi  lactici),  the  first  member  of  which 
was  discovered  by  Pasteur  and  isolated  by  Lister. 
They  gain  access  to  milk  from  external  sources, 
particular  kinds  being  found  in  the  vicinity  of 
particular  dairies,  soils,  geographical  localities,  etc., 
thus  giving  to  milk  and  butter  characteristic  flavours. 

The  lactic  fermentation  bacteria  are  short  rods,  do 
not  liquefy  gelatine,  nor  do  they  form  spores.  They 
grow  readily  on  gelatine  at  room  temperature,  forming 
as  a  rule  small  circular  colonies,  white  or  grey  in 
colour,  with  sometimes  a  tinge  of  yellow,  and  the 
surface  of  the  colony  is  smooth  and  gHstening.  The 
lactic  acid  organisms  produce  appreciable  amounts  of 
lactic  acid  only  at  somewhat  elevated  temperatures. 
If  the  amount  of  acid  rises  much  above  2  per  cent., 
the  growth  of  the  lactic-acid  bacteria  is  inhibited.' 
Many  other  substances  are  produced  in  addition 
to  lactic  acid  (e.g.  acetic  and  formic  acids,  alcohol, 
methane,  COg,  etc.).    Only  provisional  classifications 
are  possible  at  present,  as,  owing  to  variations  in 
biolpgy  and  terminology,  it  is  probable  that  certain 
lactic  organisms  are  described  under  several  different 
terms.    Generally,  it  may  be  said  that  some  grow  well 
m  the  presence  of  oxygen,  and  others  do  not.  The 
most  common  members  of  the  group  are  the  faculta- 
tive anaerobes  which  sour  milk  best  in  deep  vessels, 
and  produce  a  right-handed  lactic  acid.    They  are 
widely  distributed  in  nature,  and  may  form  90  per 
cent,  of  the  total  bacteria  in  milk.    Some  produce  eras, 
othersjiquefy  gelatine,  and  some  produce  spores. 
^     Butyric=acid  fermentation,  due  to  the  B.  butyricus 
is  a  bitter  fermentation  in  which  hydrogen  and  car' 
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bonic  acid  ga^  are  produced.    It  has  little  of  the 
importance  ot  lactic  fermentation  or  even  of  alcoholic 
termeutation  by  yeasts,  by  which  "koumiss"  is  pre- 
pared rom  mare's  milk  and  "kephir  "  from  the  milk 
ot  goats,  sheep,  and  cows.    Other  fermentations  of 
rmlk  are  represented  in  (a)  bitter  fermentations  (due  to 
Weigmann  s  bacillus  or  Conn's  micrococcus):  (b)  slimy 
fermentations  which  produce  the  "ropiness"  used  in 
the  manufacture  of  Edam  cheese  and  toettmoelk  (due  to 
Micrococcus  viscosus  and  Streptococcus  hollandicus, 
etc  )  ;  (c)  soapy  milk  caused  by  B.  Uctis  scmonaceL 
and  (c/)  a  number  of  chromogenic  fermentations  * 

Pathogenic  organisms  gain  access  to  milk  both 
trom  the  cow  and  from  sources  external  to  milk. 
Ihe  tubercle  bacillus  is  the  chief  example  of  the 
former  channel.    Probably  not  less  than  10  to  15  per 
cent,  of  the  milch  cows  of  this  country  are  affected 
with  tuberculosis,  and  about  2  per  cent,  with  tuber- 
•culous  disease  of  the  udder,  f     The  milk  is  most 
intective  when  the  udder  is  diseased.    Bovine  bacilli 
may,  however,  be  present  in  the  milk  of  tuberculous 
cows  presenting  no  evidence  whatever  of  disease  of 
the   udder,    even   when   examined    post  mortem. 
Tubercle  bacilli  in  milk  may  also  be  derived  from 
excreta  or  uterine  discharges  of  tuberculous  cows. 
Bovine  tubercle  bacilli  may  be  the  cause  of  ab- 
dominal and  cervical-gland  tuberculosis  in  children 
consuming  the  milk  +    From  1897  to  1908  it  was 
found  that  87  per  cent,  of  the  country  mixed  milk 
(railway  samples)  brought  into  Manchester  was  tuber- 
culous, and  percentages  varying  from  o  to  16  have 
been  frequently  reported  in   market  milk  in  this 

*  Red  milk  (5.  prodigioms  and  B.  lactis  cruthrogenes) :  blue  milk 
{B.  cyanogeiies)  ;  yellow  milk  {B.  synxanthus) ;  etc. 

t  There  were  4,102,000  milcli  cows  in  the  United  Kingdom  in  1901  A 
60W  yields  on  an  average  about  400  gallons  of  milk  per  annum. 

t  Final  Report  of  Royal  Commission  on  Tuberculosis  (Human  and 
'Bovine),  1911,  Part  I,,  p.  40. 
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country.*    In  1911   it  was  officially  reported  that 
of  5,698  samples  of  milk  taken  at  the  London  railway 
termini  since  the  London  County  Council  (General 
Powers)  Act,  1907,  came  into  operation,  11*2  per 
cent,  proved  to  be  tuberculous.    Whilst  tuberculosis 
is  not  commonly  spread  among  human  beings  by 
means  of  an  infected  milk  supply,  there  is  evidence, 
derived  from  pathological  and  clinical  experience, 
proving  that   tuberculous   milk  can   and  does,  on 
occasion,  set  up  some  form  of  tuberculosis^  human 
or  bovine,  in  the  bodies  of  man  and  other  animals 
consuming  the  milk.     Phthisical  milkmen  may  in- 
troduce the  human  tubercle  bacillus  to  milk.  All 
danger  may  be  obviated  by  boiling  the  milk.  The 
tyi^hoid  bacillus  has  occasionally  found  its  way  from 
sewage,  water,  or  infective  dust  into  milk,  which  is  a 
favourable  medium  for  its  multiplication.    The  same 
may  be  said  of  the  dij^htheria  bacillus,  which,  in  four 
cases  on  record,  has  been  actually  isolated  from  milk 
suspected  of  conveying  the  disease  {Boivhill,  Eyre, 
Klein,  ^  Dean  and  Todd).    Some  authorities  now  hold 
that  diphtheria  is  a  disease  of  the  cow  and  that  the 
bacillus  sometimes  gains  access  to  milk  from  the  udder. 
Various  forms  of  streptococcus  have  also  been  isolated 
from  milk.    Their  exact  pathological  significance  is 
not  yet  determined. 

Examination  of  milk.— 1.  Specific  gravity  of 

milk  IS  measured  by  a  lactometer  (which  is  a  delicate  hydro- 
meter or  by  a  Westphal  balance.  The  specific  gravity  aver- 
ages about  1,030-1,032.  It  is  lowered  by  watering,  and  raised 
by  abstraction  of  fat. 

2.  Total  solids,  which  range  from  12  to  13  per  cent.,  are 
estimated  by  evaporating  a  small  quantity  of  the  milk  in  a 
platinum  dish,  weig-liing  before  and  after  drying  (weight  of 
so  It  divided  by  weight  of  milk  =  percentage  total 

sohds).    By  deducting  the  amount  of  fat,  the  solids  not  fat  are 

^^^^&^JZ^:i^^,S^^^g^  Board. 


a.  LShSaM„''„°'°r'«,''  -""Apical  method,  ,uch 

of  fat  with  Pfliov  .7  1  .  .^'^^^  method  is  extraction 
hydrthrox -c  add"'  -^^^  strong 

The  fat  in  unadulterated  milk  is  never  less  than  VO  npr 

T^kel  L  tt  '-  '"^''  suspected,  the  ratio  3-0  :  8-5  may  be 
andTf  th?<' ^Tr''"".  fat  to  "solids  not  fat," 

and  It  the  ^  solids  not  fat'  are  x,  the  fat  should  be  at  least 

•  and  if  the  ascertained  amount  y  of  fat  falls  short  of  this, 

it  is  concluded  that  at  least  100  x  (^^x  -y\  ^^'^x  per 
cent,  of  fat  has  been  abstracted.  ^ 

4.  Water.— The  results  of  many  thousands  of  analyses 

solids  not  fat"  in  unadulterated  milk  falls  below  8-5  very 
rarely.  _  Hence  8-5  per  cent,  is  adopted  as  a  standard. 
It  a  given  milk  contains  x  per  cent,  "solids  not  fat  " 
and  X  IS  less  than  8-5,  we  can  affirm  that  however  poor  the 
mil^  might   have  been  originally,  it  must  contain  added 

water  to  the  e.xtent  of  at  least  x  100^  per  cent,  of 

the  sample  ;  or,  in  other  words,  it  is  ^IL"!^  x  lOoj  per  cent. 

worse  than  genuine  milk  of  poorest  quality.  If  it  was 
originally  milk  of  fair  quality,  the  adulteration  must  have 
been  much  greater. 

5  Preservatives  in  milk.— ^oric  acid  is  detected  bv 
moistening  the  ash  with  alcohol  and  H,SO,,  and  applying 
a  light  to  the  mixture  when  so  little  as  Tpart  in  10  000  will 
give  a  green  flame ;  or  the  ash  may  be  treated  with  dilute  HCl 
and  turmeric  paper  will  be  turned  brown,  and  if  touched  with 
sodium  carbonate,  bluish-black.  Salici/lic  acid  is  detected  by 
curdling  the  milk  with  mercuric  nitrate,  and  then,  after  shaking 


ivj  MILK  AND  DISEASE  139 


it  up  with  ether,  evaporating,  and  moistening  the  residue 
with  fei-ric  chloride.  A  blue  coloration  will  denote  the  pre- 
sence of  salicylic  acid.  Formalin  in  milk  gives  a  purple 
colour  if  warmed  with  hydrochloric  acid  containing  a  trace 
of  iron. 

6.  Bacteriological  examination  is  somewhat  similar  to 
that  of  water.    Plate  cultivations  are  made,  etc.,  but  it  is 
necessary  to  dilute  the  milk  with  sterile  water  (decimal  dilu- 
tion method).    Special  methods  of  examination  have  to  be 
adopted  in  searching  for  pathogenic  organisms.    Generally  it 
may  be  said  that  by  the  centrifuge  or  sedimentation  flask  the 
particulate  matter  is  obtained  and  examined,  and  2  c.c.  are 
inoculated  into  a  susceptible  animal.     For  reliable  examina- 
tion for  the  tubercle  bacillus  it  is  necessary  to  inoculate  animals 
with  the  milk,  as  many  bacilli  simulate' the  tubercle  bacillus 
m  almost  every   particular,  except   its   pathogenic  effect, 
bpecial  staining  and  culture  tests  are  necessary  for  B.  diph- 
thci-ta,  streptococcus,  £.  coli,  and  B.  entcritidis  sporogenes.  The 
laboratory  examination  of  milk  should  include  (1)  the  num- 
ber and  fand  of  bacteria  present;  (2)  the  degree  of  acidity  ; 
C^;  the  presence  or  absence  of  pus  or  blood  cells,  yeast  cells, 
dirt ;  (4)  the  estimation  of  B.  colt  and  allied  lactose  fermenters  • 
(0)  estimation  of  spores  of  B.  enteritidis  sporogenes :  (6)  the  ex- 
amination of  the  stained  deposit. 

Milk  ill  lelalioii  to  disease—From  the  point 
ot  view  of  preventive  medicine  the  chief  milk-borne 
zymotic  diseases  are  enteric  fever,  diphtheria,  scarlet 
fever,  sore-throat  illnesses,  and  epidemic  diarrhcea. 
Probably  tuberculosis  is  not  commonly  spread  by 
milk,  though  undoubtedly  milk  does  serve  as  a  means 
ot  infection,  especially  in  children.  Indeed,  the 
Koyal  Commission  on  Tuberculosis  (1911)  concluded 
that  a  considerable  amount  of  the  tuberculosis  of 
childhood  is  to  be  ascribed  to  infection  with  bacilli 
of  the  bovine  type  transmitted  to  children  in  meals 
consistmg  largely  of  cow's  milk.  In  England  and 
Wales  m  1909  upwards  of  11,000  children  under  15 
years  of  a,ge  died  of  tuberculosis  (excluding  phthisis 
lupus  and  scrofula).  Whether  other  infectious  dis- 
eases, such  as  measles,  whooping  cough  and  small- 
pox, are  ever  conveyed  by  milk  remains  to  be  proved 
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An  inflammatory  affection  of  the  cow's  udder 
known  as  garget  or  mastitis,  has  been  suspected  of 
causi,.^  outbreaks  of  sore  throat,  etc.,  in  thL  usin^ 
!/.?nl"  ^^^^ommonly  caused  by  streptococci  or 

staphylococci  which  are  probably  not  directly  virulent 
to  man,  though  no  doubt  virulent  types  exist  (,S'at-a^.). 
Milk  from  cows  suffering  from  foot-and-mouth  diseasi 
IS  capable  of  producing  illness  with  aphthous  stoma- 
titis, swelling  of  the  tongue,  and  fetor  of  the  breath, 
especially  in  children  ■  in  other  cases  a  severe  form 
ot  sore  throat  has  been  the  chief  feature.  Similar 
symptoms   may   attend  the  consumption   of  milk 
from  cows  affected  with  inflammation  or  abscess  of 
tne  udder.     The  evidence  is  less  clear  in  regard  to 
other  specific  diseases  to  which  cows  are  subject,  and 
indeed,  in  most  of  them  the  secretion  is  suppressed,' 
but  the  milk  should  never  be  used  for  food.    In  the 
Western  States  of  America  cows  are  subject  to  a 
disease  called  the  "trembles,"  supposed  to  be  due 
to  their  eating  Rims  toxicodendron,  and  their  milk 
appears  to  cause  in  children  vomiting,  constipation, 
swe  Img  of  the  tongue,  and  prostration,  with  abnor- 
mally low  temperature.     The  milk  of  goats  that  had 
ted  on  Eicphorhium,  or  meadow  saffron,  has  been  known 
to  induce  severe  diarrhoea.    Even  in  the  human  subject 
bitter  and  purgative  drugs,  not  to  mention  morphia 
and  other  alkaloids,  if  taken  by  the  mother,  act  upon 
the  infant  through  the  milk.    Colostrum,  the  milk 
yielded  by  cows  immediately  after  calving,  has  also 
been  shown  to  exert  a  deleterious  effect  on  persons 
consuming  it.    Lastly,  disease  has  been  caused,  it  is  be- 
lieved, by  pathogenic  yeast  cells  in  milk.    Such  an  out- 
break occurred  at  Lincoln  in  1902  (199  cases).  The 
symptoms  of  the  disease    simulated   scarlet  fever. 
There  was  much  swelling  of  the  tonsils  and  cervical 
glands  with  pyrexia,  gastritis,  and  "rheumatism." 
Klein  isolated  what  he  believes  to  be  a  pathogenic 
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yeast  possibly  bearing  a  relationship  to  the  spores  of 
rusts,  smuts,  and  mushroom  fungi  consumed  by  the 
cows  yielding  the  milk. 

Enteric  fever — In  1857  Michael  Taylor,  of  Pen- 
rith, first  established  the  fact  that  milk  may  convey 
enteric  fever.  Since  that  date  more  than  150  epidemics 
of  this  disease  have  been  traced  to  an  infected  milk 
supply.    Schuder  states  that  17  per  cent,  of  all  typhoid 
epidemics  are  thus  caused.    The  channels  of  infection 
by  which  the  bacillus  obtains  access  to  milk  have  been 
shown  by  a  study  of  these  outbreaks  to  be  from  direct 
contact  with  typhoid  patients  (or  typhoid  "  carriers  "), 
from  washing  milk  vessels  with  infected  water,  from 
the  addition  of  such  water  to  the  milk,  from  the  air 
by  dried  typhoid  excreta,  from  contaminated  cloths 
and  clothes,  and  from  cooling  milk  in  infected  water. 
In  a  recent  case  (1909)  it  was  shown  that  milk  had 
become  infected  by  a  milkman  who  was  a  "  typhoid- 
carrier,"  and  during  17  years  230  cases  of  enteiic 
fever  occurred  among  persons  who  obtained  milk  from 
a  farm  on  which  this  milkman  was  employed.  A 
milk-borne  outbreak  in  Dublin  in  1908  affecting  130 
persons  was  likewise  traced  to  a  "  carrier  "  case.* 

Cholera. —Numerous  cases  have  been  recorded  in 
which  cholera  has  been  transmitted  by  means  of  in- 
fected milk.  A  sharp  outbreak  of  such  milk-borne 
cholera  occurred  in  Bengal  in  1909.  Investigation 
showed  that  the  outbreak  was  due  to  the  handling  of 
milk  by  native  servants  whose  hands  were  found  to 
be  infected  with  cholera  organisms.  One  of  the  men, 
though  in  good  health,  was  found  to  be  a  chronic 
"  carrier  "  of  cholera  infection. 

Diphtheria.— The  first  epidemic  of  diphtheria 
which  was  shown  to  be  milk-borne  was  one  in  North 
London  m  1878,  elucidated  by  Power.  More  than  30 
similarly  caused  outbreaks  of  the  disease  have  since 
been  recorded.  How  the  diphtheria  bacillus  gains  access 
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to  milk  IS  not  known,  but  in  all  probability  it  is  gen- 
erally by  direct  human  contact.  Persons  suffering  f?om 
the  disease  may  remain  for  a  long  period  infectious  by 
reason  of  the  retention  for  weeks  after  convalescence 
of  the  bacilh^s  m  the  throat.  Materials  may  also 
retain  the  infection  for  long  periods.    Wat/r  and 

ZZT  r^??'^^        ^'^^^^^^^  diphtheria 

bacillus  Klein  holds  that  the  Klebs-Lciffler  bacillus 
IS  moculable  m  cows,  producing  a  specific  eruption  on 
the  udder,  and  within  five  days  the  bacillus  is  excreted 
m  the  cows  mi  k.  Several  outbreaks  of  diphtheria 
have  suggested  that  bovine  diphtheria  is  transmissible 
to  man  by  milk  but  though  on  two  or  three  occasions 
diphtheria  bacilli  have,  in  fact,  been  isolated  from 
lesions  of  the  udder,  the  existence  of  natural  bovine 
diphtheria  has  not  been  proved. 

Scarlet  fever.—More  than  100  milk-borne  attacks 
of  scarlet  fever  are  on  record,  and  yet  comparativelv 
little  IS  known  either  of  the  bacteriology  of  the 
disease  or  of  the  mode  of  infection  of  milk.  Direct 
contact  of  scarlet-fever  patients  with  the  milk  trade 
is  the  most  obvious  channel  of  infection.  In  1882 
Power  found  reason  to  suspect  that  cows  suffered 
from  a  disease  which  could  impart  to  milk  the  virus 
of  scarlet  fever,  and  in  1885  in  the  "  Hendon  disease  " 
outbreak  further  evidence  of  this  was  met  with. 

In  that  year  a  sudden  and  extensive  outbreak  of  scarlet  fever 
occurred  in  Marylebone,  and  was  found  to  be  associated  with  a 
particular  milk  supply  derived  from  a  farm  at  Hendon  The 
milk  was  also  distributed  in  St.  Pancras,  Hampstead,  Hendon 
and  St.  John's  Wood;  in  each  of  these  districts,  except  the 
last,  scarlet  fever  suddenly  became  prevalent  early  in  Decem- 
ber. On  the  15th  the  milk  sent  to  Marylebone  was  returned 
to  the  farmer,  and  some  of  this  was  given  away  to  persons  at 
Hendon  on  the  1.5th  and  16th;  a  few  days  later,  from  Decern- 
ber  20th  onwards,  a  number  of  cases  of  scarlet  fever  occurred 
among  those  who  had  drunk  the  milk,  and  at  the  same  time 
there  was  a  sudden  decrease  in  the  number  of  attacks  in 
Marylebone.     The  disease  was  conveyed  by  the  milk,  and 
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after  close  investigation  Power  and  Klein  were  led  to  the 
important  conclusion  that  the  cow  itself  was  the  source  of 
infection. 

There   had    been  apparently  no   case   of   scarlet  fever 
among  the  employees  that  could  be  proved  to  have  infected 
the  milk.    Attention  was  nest  directed  to  the  cows,  and  many 
of  them  were  found  to  be  suffering,  or  to  have  recently  suf- 
fered, from  vesicles  or  ulcers  upon  the  teats  and  udder  These 
were  clearly  infectious,  and  had  been  first  seen  upon  a  cow 
that  was  bought  on  November  15th.    The  dates  of  outbreak 
oi  scarlet  fever  in  each  district  being  known,  it  was  found  that 
^fi.O"*^^''^k  was  preceded  by  a  few  days  by  the  introduction 
of  this  affection  into  the  cowsheds  from  which  the  milk  supply 
ot  the  district  was  drawn.    The  early  exemption  of  St.  John's 
Wood  was  explained  by  the  fact  that  the  disease  had  not 
appeared  in  the  smaU  shed  from  which  alone  its  supply  was 
drawn;  but  during  the  inquiry  this  shed  became  affected  at 
1    '  /''Jiw'l  o^tb^eak  in  St.  John's  Wood  immediately  fol- 
lowed. All  the  cows  showing  any  signs  of  the  disease  were  then 
isolated,  and  no  further  cases  of  scarlet  fever  occurred  among 
the  consumers  of  the  milk.    The  symptoms  noticed  in  the  cow 
were  chiefly  local,  but  there  were  bald  patches  of  skin,  espe- 
cially about  the  tail  and  back,  the  epidermis  in  these  patches 
being  scaly  and  the  cutis  thickened.    There  was  no  pyrexia 
The  vesicles,  which  were  small,  were  confined  to  the  teat; 
and  udder     They  extended,  and  in  two  days  formed  flat 
irregular  ulcei-s  covered  with  brown  scabs.    Inoculated  upon 
calves,  the  matter  from  these  ulcers  caused  local  tenderness  anS 
swelling  m  three  days  a  scabbed  ulcer  with  vesicular  margin 
folW.^^h        ^,.f"^ther  extension  during  the  next  few  days^ 
foUowed  by  heahng.     By   cultivation  a  streptococcus  whs 

found  by  Klein  in  connexion  with  scarlet  fever,  and  havine- 
the  property  of  solidifying  milk  if  kept  for  two  days  at  3?«  0 
It  was  no  found  in  the  milk  from  uifaflected  teats'.    Ino  ulal 
tion  of  calves  with  pure  cultivations  of  the  streptococcus  nro 
tith  .c  '^^"f'i-ti"-^!  disease  that  had  some  poSts  of  analog 
with  scarlet  fever,  the  condition  of  the  kidneys  esneckUv 

iT^t'  ^''']f  ^™  "^"^^  scarlatinal  nephritis.  ^ 
wp/f  "^^^'^.-^o^e  outbreak  of  scarlet  fever  in  Glasgow 

wa  tr.ced  to  a  micrococcal  infection  of  the  cow's  Sde  and 

in  jIV'ToTrt'r''"^  of  ;Hendon  disease"  at  SncX^ 
in  ^^  I  T  ^^/'^«P''ead  epidemic  of  scarlet  fever  occurred 

n^,^h.  *"^^^d  to  a  farm  in  Wiltshire  where  a 

?eaTs     F.O  '  ^^'^^         and  scabs  on  the 

teats.    From  material  taken  from  three  affected  teats  Gordon 
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isolated  two  t.71^os  of  streptococcus,  one  resembling  S.  anyhmm 
(Andnnves)  MMd  iho  oUier  H.  maUiMk  (Savage)  of  garget. 

Sore-throat  illnesses.— Somewhat  allied  to  scarlet 
tever,  and  i)ossibly  in  some  instances  an  aberrant 
torin  ot  that  disease,  is  sore-throat  infection  con- 
veyed by  milk.     There  are  fully  a  score  of  well- 
marked  epidemics  of  this  nature  on  record.    One  of 
the  first  to  be  investigated  occurred  in  South  Ken- 
sington in  1875.    About  150  persons  were  alTected 
alter  consuming  cream.    A  similar  outbreak  occurred 
in  Ldmburgh  in  1888.    More  recent  outbreaks  of 
inilk-borne  sore-throat  occurred  at  Bedford  in  1902 
Guildford  1903,  Finchley  1904,  and  Colchester  1905. 
Cream  was  again  the  particular  medium  at  Bedford, 
where  the  incidence  was  chiefly  upon  young  adults.  In 
the  Guildford  outbreak  98  families  were  affected,  and 
the  milk  was  traced  to  cows  suffering  from  suppurative 
masiUis.    The  Finchley  outbreak  involved  500  cases. 
Ihe  incubation  period,  as  in  many  of  these  sore-throat 
conditions,  was  short— 24  to  48  hours.    There  was 
enlargement  of  the  submaxillary  glands,  sore-throat, 
fever,  general  malaise,  and  in  a  few  cases  a  measles- 
like eruption  on  the  lower  limbs.    On  some  occasions 
gastro-intestinal  irritation  has  also  been  present.  It 
IS  possible  that   these  sore-throat  illnesses  are  of 
streptococcal  origin. 

In  many  milk-borne  outbreaks  of  scarlet  fever 
there  occur  a  number  of  sore-throat  cases  simulating, 
but  possibly  not  identical  with,  scarlet  fever,  in  addi- 
tion to  those  which  are  milder  forms  of  scarlet  fever 
itself. 

Epidemic  diarrhoea  is  another  infective  disease 
which  appears  to  be  conveyed  by  milk.  Certain  attacks 
of  the  disease  give  support  to  this  view,  and  there  is 
also  the  autumnal  rise  of  infantile  diarrhoea,  which  is 
attributed  by  many  observers,  in  part,  to  contaminated 
milk.    It  is  held  that  the  high  atmospheric  tempera- 
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ture  of  the  third  quarter   of   the  year    exerts  a 
prejudicial  effect  on  milk,  causing  it  to  be  injurious, 
particularly  to  infants  and  children.    It  is  certain 
that  breast-fed  infants  suffer  much  less  than  artificially 
tec  infants  from  such  disease.    Actual  epidemics  of 
mdk-borne  diarrhoea  have  been,  it  appears,  compara- 
tively fe\v.    In  1894  such  an  outbreak  occurred  in 
Manchester  affecting  160  persons,  and  due  probably 
to  milk  polluted  with  excreta;   in  1895  and  1898 
three  outbreaks  occurred  at  St.  Bartholomew's  Hos- 
pital   traced  to  the  consumption  of  milk  or  milk- 
pudding  from  which  Klein  isolated  the  B.  enteritidis 
svorogenes    ^vhxoh  he  regards  as  the  vera  causa  of 
epidemic  diardicea;  and  in  1908  there  was  an  out- 
break ot  milk-borne  gastro-enteritis  at  Aberdeen  (70 

Characteristics  of  miIk=borne  epidemics—There 

are  certain  general  characteristics  of  outbreaks  of 

Srtr::rtl  -""^ 

1.  The  outbreak  is  usually  sudden  in  onset-  and 
t^ie  cessation  often  almost  equally  so,  if  allowance  t 
Zt  ^rTT'!^'^^  "^^^^^^^^  households,  which 

-t  bftt!::[„^^-    '^^^^^  '''^  -^^^-^  — 

t.nl'  ^  ^^''^'^  proportion  of  the  attacks  are  simul- 
taneous  or   nearly  so.    The   outbreak   reaches  ts 
maximum  too  rapidly  to  admit  of  satisfactoJ^exp  ana 
tion  by  the  hypothesis  of  infection  from  the  first  casi 

follows  I  '  ^"^^  ^«'-«ks   was  as 

^Ul^'V    II    U    ^    H  31   Jan.l      2  3 

11    39    .53    ,0    118    65      86       25  15 
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time.  Such  multiple  cases  may  also  occur  apart  from 
milk  or  water  infection,  but  it  is  very  exceptional, 
especially  as  regards  the  fir-st  invasion  of  the 
household. 

4.  The  average  number  of  cases  per  infected  house- 
hold IS  usually  greater  than  occurs  under  ordinary 
conditions,  but  this  is  of  course  dependent  upon  the 
number  of  persons  who  consume  the  milk.  An 
average  of  two  attacks  per  household  may  be  con- 
sidered high. 

5.  A  large  proportion  of  the  households  attacked 
have  a  common  milk  supply,  which,  however,  may 
not  be  distributed  by  the  same  retailer. 

6.  Conversely,  if  (a)  the  number  of  households 
supplied  by  the  suspected  dairy  be  ascertained,  and 
also  (b)  the  number  of  such  households  attacked,  it 
will  be  found  that  the  proportion  of  (6)  to  (a)  is 
much  greater  than  the  proportion  which  the  total 
number  of  infected  households  bears  to  the  total 
number  of  inhabited  houses  in  the  district.  Although 
in  some  cases  50  per  cent,  or  more  of  the  houses 
supplied  with  the  implicated  milk  are  attacked,  in 
other  instances  the  proportion  is  far  lower. 

7.  If  the  households  supplied  by  the  dairy  in 
question  are  classified  according  to  the  quantity  of 
milk  bought  daily,  the  invasions  are  found  to  be 
proportionately  more  numerous  among  households 
taking  a  larger  supply. 

8.  A  similar  calculation,  substituting  individuals 
for  households,  will  give  similar  results.  Classifying 
the  consumers  according  to  the  average  consumption 
per  head  in  the  households  to  which  they  belong,  a 
heavier  incidence  upon  the  larger  consumers  will  be 
manifest.  Hence  the  wealthier  consumers,  upon  the 
average,  suffer  moi'e  than  the  poorer  class  in  milk- 
borne  outbreaks,  and  a  classification  according  to  rental 
will  usually  confirm  this. 
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The  Wimbledon  outbreak,  already  referred  to, 
illustrates  these  relations  {Cooper)  :  


Incidence  ou  con- 
sumers, according 
to  supply  per  head. 


Incidence  on 
houses,  accordiugr  to 
supply  per  house. 


Incidence  on  houses, 
according  to  rental. 


Rateable 
value  of  houses 
supplied. 


£10  to  £12 
£13  to  £15 
£lfi  to  £20 
£21  to  £25 
£26  to  £30 
£31  to  £35 
£36  to  £40 
£41  to  £50 
£51  to  £60 
£61  upwards 


o  a 


21 
39 
50 
64 
66 
57 
76 
73 
74 
80 


9   Among  persons  who  drink  little  or  no  milk 

boiled  "^..f  I  1  ii 
boiled,  attacks  will  be  rare,  except  after  exposure  to 
infection  from  earlier  cases.  ^ 

10.  As  a  corollary  to  this,  there  is  often  a  much 
heavier  incidence  among  children  and  women  X 

to"  /^.^^--^^  \^  -^P-ially  signilcai!; 
regaid  to  enteric  fever,  which  under  ordinary  con 
ditions  chiefly  affects  adults.     On  the  other^and" 
Littlejohn  has  pointed  out  that  in  milk-borne  scarU 
fever  an  exceptionally  high  proportion  of  adults  may 

1 1.  The  type  of  disease  in  milk-borne  epidemics  has 
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been  noticed  to  be,  as  a  rule,  mild,  and  attended  witli 
low  mortality. 

1 2.  The  incubation  period  is  shortened,  and  there 
is  some  reason  to  suppose  that  the  degree  of  infec- 
tiousness by  contact  is  lower  than  when  such  diseases 
are  not  milk-borne. 

Ice-cream  or  iced-custards  which  have  as  theii*  basis  milk  or 
cream  mixed  with  other  ingredients  may  be  briefly  considered 
here  in  their  relation  to  infection.  A  number  of  outbreaks  of 
typhoid  or  diarrhoeal  disease  have  been  attributed  to  the 
consumption  of  ice-cream.  Such  outbreaks  occurred  at  Dept- 
ford  in  1891,  Liverpool  1897,  City  of  London  and  Finsbury 
1902,  Paisley  1904,  and  Eccles  1910.  The  ice-cream  may  be- 
come infected  owing  to  storage  in  infected  premises,  between 
the  process  of  "boiling"  and  that  of  "freezing,"  or  owing 
to  the  fact  that  the  substance  has  been  made  by  a,  person 
suffering  from  recognized  or  unrecognized  disease.  It  is  on  this 
account  that,  since  1895,  local  regulations  have  been  in  force 
with  the  view  of  controlling  the  manufacture  of  ice-creatn. 
Some  of  the  most  recent  of  such  regulations  are  contained  in 
the  London  County  Council  (General  Powers)  Apt,  1902,  under 
which  ice-cream  must  be  made  and  stored  in  sanitary  premises, 
not  living-rooms,  precautions  must  be  taken  as  to  protection 
from  contamination,  and  the  name  and  address  of  the  maker 
must  appear  on  the  street-barrows.  Similar  powers  are  con- 
ferred  by  local  Acts  in  Liverpool,  Glasgow,  etc. 

Control  ot  milk  supplies.— The  requirement 
is  a  pure  milk  supply,  or  in  other  words  a 
clean,  whole  milk,  unsophisticated  and  unadulterated, 
(ci)  derived  from  healthy  cows,  guaranteed  free  from 
tuberculosis  by  the  tuberculin  test,  and  living  under 
clean  and  sanitary  conditions  ;  (b)  obtained  by  clean 
methods  of  milking,  strained,  and  protected  from 
contamination  and  from  infection  ;  (c)  kept  cool  by 
means  of  refrigeration ;  and  (d)  not  exposed  to  dust 
or  uncleanliness  in  any  way  from  the  cow,  the  milker, 
from  the  vessel  in. which  it  is  placed,  or  from  the 
persons  by  whom  it  is  handled. 

Low  temperatures  do  not  readily  destroy  germ  life, 
but  they. have  a  most  beneficial  effect  upon  the  keep- 
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ing  quality  of  milk.    If  the  temperature  be  lowered 
sufficiently,  the  contained  bacteria  become  inactive 
and  torpid,  and  eventually  are  unable  to  multiply  or 
produce  tlieir  characteristic  fermentations.    At  about 
50°  F.  (10°  0.)  the  activity  ceases,  and  at  a  tempera- 
ture of  about  40°  F.  organisms  are  practically  deprived 
of  their  injurious  powers.    If  the  milk  is  to  be  con- 
veyed bng  distances,  then  even  a  lower  temperature 
IS  desirable.    The  most  important  point  with  regard 
to  the  cooling  of  milk  is  that  it  should  take  place 
immediately.   Various  kinds  of  apparatus  are  effective 
m  accomplishing  this.    Perhaps  those  best  known  are 
Lawrence's  cooler  and  Pfeiffer's  cooler,  the  advantage 
ot  the  latter  being  that  during  the  process  the  milk  is 
not  exposed  to  the  air.    It  must  not  be  forgotten  that 
cooJmg  processes  are  not  sterilizing  processes,  and 
do  _  not  necessarily  kill  bacteria ;  they  only  inhibit 
activity,  and  under  favourable  circumstances  torpid 
pathogenic  bacteria  may  again  acquire  their  injurious 
faculties.     Hence,  during  the  cooling  of  milk  even 
greater  care  must  be  taken  to  prevent  aerial  con- 
tammation  than  is  necessary  during  the  process  of 
sterilizing  milk.    No  cooling  should  be  attempted  in 
the  cowshed.    Climate  makes  little  or  no  difference 
to  the  practical  desirability  of  cooling  milk,  yet  it  is 
obvious  tliat  less  cooling  will  be  required  in  the  cold 
season.    The  further  treatment  of  milk  has  in  i^ractice 
comprised  the  addition     preservatives,  filtration,  and 
TtZtT'^""'  with  first-rate  clean  milk,  consumed 
01   bottled  immediately  after  yield,  these  are  not 

ZT^S:%i!)"  ^'^''^^''''^  PP-  580,  593, 

boihtrT'"^"*?"       r'"^  «ff«<^ted  by 

boiling    by  exclusion  of  air,  or  'by  the  addition  of 

antiseptic.  Such  preservatives  are  frequently  added 
to  milk,  especially  m  towns.     They  prevent  rapid 
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multiplication   of  germs,  and  so  delay  or  prevent 
fermentation.     On  the  other  hand,  they  disguise 
the  true  condition  of  the  milk,  and  by  cumulative 
process  may  cause  poisoning  in  the  consumers,  and 
therefore  should  be  condemned.     The  L..Cr.B.  (1906) 
advise  taking  action  if  boron  preservatives  are  present 
in  amount  exceeding  40  grains  per  gallon.  Condensed 
milk  is  prepared  by  evaporating  down  in  vacuo  at  a  low- 
temperature  to  about  one-third  or  one-quarter  of  the 
original  volume,  and  most  manufacturers  then  add 
cane  sugar  as  a  preservative.  The  added  sugar  renders 
it  too  carbonaceous  and  "  fattening,"  though  lacking 
in  fat,  but  apart  from  this  the  nutritive  value  of 
condensed  milk  seems  to  be  inferior  to  that  of  fresh 
milk,  especially   in   regard  to  bone- formation  and 
stamina.    Condensed  milk  is,  as  a  rule,  fairly  free 
from  suspicion  of  ordinary  adulteration  or  pollution, 
but  it  is  by  no  means  always  sterile. 

Filtration  of  milk  is  practised  in  Denmark,  but  is 
little  adopted  in  this  country. 

Sterilization  means  the  use  of  heat  at  or  above 
boiling-point,  or  boiling  under  pressure.  This  may 
be  applied  in  one  spell  of  one  to  two  hours  at 
212-250°  F.,  or  at  stated  intervals  at  a  lower  tem- 
perature. The  milk  is  sterilized —that  is  to  say, 
contains  no  living  germs— is  altered  in  chemical 
composition,  and  possesses  a  flavour  which  to  many 
people  is  unpalatable.  . 

Such  a  radical  alteration  is  not  necessary  m  order 
to  secure  non-infective  milk.  The  bacteria  causmg 
the  diseases  conveyable  by  milk  succumb  at  much 
lower  temperatures  than  the  boiling-point.  Advantage 
is  taken  of  this  in  the  process  known  as  pasteuriza. 
tion,  inwhichmilk  is  heated  to  167-185°  F.  (7o-85°  C). 
Such  a  temperature  kills  harmful  microbes,  because 
75°  C  is  above  their  average  thermal  death-point,  and 
yet  the  physical  changes  in  the  milk  are  practically 
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nil,  because  85°  C.  does  not  relatively  approach  the 
boiling-point.     There  is  no  fixed  standard  for  pas- 
teurization, except  that  it  must  be  above  the  thermal 
death-point  and  below  the  boiling-point.    As  a  matter 
of  fact,  158°  F.  (70°  0.)  will  kill  lactic  acid  bacteria 
and  most  disease-producing  organisms  found  in  milk. 
If  milk  is  kept  at  that  tempei-ature  for  ten  or  fifteen 
minutes,  it  has  been  "pasteurized."    If  it  has  been 
boiled,  with  or  without  pressure,  for  half  an  hour,  it 
has  been  "  sterilized."    The  only  practical  difference 
in  the  result  is  that  sterilized  milks  have  a  better 
keeping   quality   than   pasteurized,  for   the  simple 
reason  that  in  the  latter  some  living  germs  have  been 
unaffected. 

Sterilization  may,  of  course,  be  carried  out  in  a 
variety  of  modifications  of  the  two  chief  ways  above 
named.    When  the  process  is  to  be  completed  in  one 
event  an  autoclave  is  used,  in  order  to  obtain  increased 
pressure  and  a  higher  tempei^ature.    Milk  so  treated 
is  physically  changed  in  greater  degree  than  in  the 
slower  process.    The  slow  or  i7itermittent  method  is, 
of  course,  based  on  Tyndall's  discovery,  that  actively 
growing  bacteria  are  more  easily  killed  than  their 
spores.    The  first  sterilization  kills  the  bacteria,  but 
leaves  their  spores.  By  the  time  of  the  second  applica- 
tion the  spores  have  developed  into  bacteria,  which  in 
turn  are  killed  before  they  can  sporulate. 

The  application  of  pasteurization  to  milk  is  now 
very  widely  adopted  by  corporations,  dairy  companies, 
hospitals,  milk-dispensaries,  etc. 

Butter 

When  cream  is  violently  agitated,  the  fat  globules 
are  ruptured  and  their  contents  clot  together  as  butter 
The  water  is  expelled  by  pressure,  and  salt  is  added.' 
ihe  flavour  of  butter  is  due  to  the  butyrin,  caproin 
and  capryhn,  which  together  constitute  about  7 '8  per 
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cent,  of  the  fat,  the  rest  being  composed  of  olein, 
stearin,  and  pahnitin.  Besides  fat,  which  constitutes 
about  85  per  cent.,  butter  contains  water,  casein,  and 
salts.  Tlie  casein  averages  2  5  per  cent.,  but  may 
reach  7  per  cent,  if  the  butter  is  carelessly  made  ; 
such  a  butter  keeps  badly.  The  water  ranges  from 
8  to  12  per  cent,  in  good  butter,  and  should  never 
exceed  1 6  per  cent.  "  Milk-blended  "  butters  have 
been  found  to  contain  nearly  double  this  amount  of 
water.  The  ash  should  not  exceed  8  per  cent.  ;  in 
pure  fresh  butter  it  is  usually  about  2  or  3  per  cent, 
or  less,  and  includes  calcium  phosphate  and  sodium 
chloride. 

Adulterations  and  analysis — The  addition  of 
annatto  or  other  harmless  colouring  matter  is  not 
regarded  as  adulteration.  Starch  is  sometimes  added, 
and  may  be  recognized  by  its  blue  reaction  with 
iodine.  The  chief  and  only  important  adulterations 
practised  are  the  substitution  of  foreign  fat  and 
the  addition  of  water  or  preservatives,  and,  therefore, 
the  analysis  of  butter  turns  chiefly  upon  the  pro- 
portion and  composition  of  the  fat  and  the  proportion 
of  water. 

1.  The  fat  should  exceed  80  per  cent,  of  the  whole. 
(If  the  butter  is  melted  in  a  tall  glass,  the  water  and 
curd  will  collect  at  the  bottom,  leaving  the  pure  fat 
above.) 

2.  The  specific  gravity  of  pure  butter  fat  should 
range  from  911  to  913.  Margarine  examined  under 
similar  conditions  would  range  from  901  to  906. 

3.  The  melting-point  of  the  fat  should  be  about 
35-8°  C,  but  it  is  liable  to  variation,  not  only  with 
variation  in  the  relative  proportions  of  normal  con- 
stituent fats,  but  also  with  repeated  meltings. 
Adulteration  with  dripping,  lard,  or  other  animal  fat 

.  raises  the  melting-point,  while  vegetable  fats  lower  it. 

4.  The    soluble   fatty    acids    (butyric,  caproic, 
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capiylic)  should  not  be  less  tlian  5  per  cent,  of  the 
fat,  and  the  insoluble  fatty  acids  should  not  exceed 
89-0  per  cent.  Butter  f^it  differs  from  all  others  in 
containing  fatty  acids  that  are  soluble  in  water,  and 
their  partial  or  complete  absence  denotes  substitution 
of  foreign  fat. 

5.  Pure  butter  fat  is  readily  soluble  in  ether, 
whereas  other  fats  dissolve  slowly  and  leave  a  residue. 

6.  Fat  crystals  may  be  visible  under  the  micro- 
scope, and  serve  to  show  that  the  butter  has  been 
melted,  presumably  for  the  purpose  of  adulteration. 

7.  ^  Water  is  estimated  by  heating  a  weighed 
quantity  of  butter  over  a  water-bath  until  it  ceases  to 
lose  weight. 

on^^^  Regulations  for  the  sale  of  butter,  made  in 
1902  by  the  Board  of  Agriculture  under  section  4 

fi  I  ^'^'^  ^'^"-'S^  ^c*'  1899,  provide 

tliat,  Where  the  proportion  of  water  in  a  sample  of 
butter  exceeds  16  per  cent,  it  shall  be  presumed  for 
the  purposes  of  the  Sale  of  Food  and  Drugs  Acts, 
ib/b  to  lb99,  until  the  contrary  is  proved,  that  the 
butter  IS  not  genuine  by  reason  of  the  excessive 
amount  of  water  therein." 

Nothing  has  been  made  out  very  clearly  as  to  the 
convection  of  specific  disease  by  means  of  butter.  An 
outbreak  of  diarrhoea  in  a  large  hospital  was  shown  by 
bir  Shirley  Murphy  to  be  in  all  probability  due  to  the 
consumption  of  a  particular  kind  of  butter.  The 
symptoms  resembled  those  of  tyro-toxicon  poisoning, 
to  be  mentioned  presently  ® 
_Margari„e  has    been  the   subject  of  special 
Ksfis  ation  (the  Margarine  Act,  1887,  and  the  slle  of 
Food  and  Drugs  Act,  1899),  which  will  be  referred  to 
m  another  section.    The  term  is  applied  generically  to 
tats,  for  the  most  part  of  animal  origin  prepared 
by  chunking  melted  and  clarified  beef  or  muS  fit 
with  skim  milk,  and  so  treating  it  as  to  resemble 
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butter  ill  appearance  and  flavour  as  far  as  possible. 
For  tliis  purpose  a  certain  proportion  of  genuine 
butter  is  frequently  mixed  with  it.  It  may  possess 
nutritive  value  little  inferior  to  butter,  especially 
if  manufactured  from  pure  animal  fats.  Chemically 
it  differs  from  butter  in  containing  only  traces  of 
"  soluble  "  fatty  acids.  It  consists  mainly  of  olein, 
stearin,  and  palmitin.  The  absence  of  butyrin,  a 
chief  constituent  of  butter  fat,  is  the  most  valuable 
means  of  distinguishing  between  butter  and  margarine. 

Cheese 

Cheese  is  formed  by  the  action  of  rennet  upon  milk, 
and  consists  of  coagulated  casein  with  a  variable  pro- 
portion of  fat  and  salts.  The  best,  such  as  Cheddar, 
Cheshire, double  Gloucester,and  most  American  cheeses, 
are  made  from  entire  milk,  the  poorer  from  skim  milk, 
or  a  mixture  of  skim  and  entire  milk.  Stilton  cheese  is 
made  from  entire  milk  to  which  cream  has  been  added. 
Cheeses  vary  widely  as  to  the  amount  of  fat  and  water 
which  they  contain.  A  good  cheese,  if  kept  under 
suitable  conditions  of  temperature,  undergoes  a 
change,  known  as  ripening,"  which  improves  its 
flavour.  Oxygen  is  absorbed,  ammonia  and  car- 
bonic acid  are  given  off.  The  casein  undergoes  fatty 
metamorphosis,  and  the  calcium  phosphate  reacts  upon 
the  fats  and  the  casein,  giving  rise  to  lime  salts  of  fatty 
acids,  and  a  soluble  compound  of  casein  with  phos- 
phoric acid.  Lactic  acid,  valerianic  acid,  and  leucin 
are  also  formed.  Both  in  cheese-  and  butter-making 
this  ripening  process  is  due  to  bacteria  and  their 
products,  and  it  is  on  account  of  this  fact  that  much 
has  been  done  in  Denmark  and  America  in  the  way 
of  flavouring  butter  and  cheese  by  introducing  favour- 
able organisms  as  "  starters  "  of  the  desired  fermenta- 
tion. Both  natural  and  artificial  ripening  occasionally 
go  wrong,  and  as  a  result  we  get  abnormalities,  such 
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as  rancid  butter,  "gassy  "  cheese,  coloured  cheese,  or 
bitter  cheese.  Occasionally  also  poisonous  bodies, 
such  as  tyro-toxicon,  result. 

Tyro=toxicon  (diazo-benzene  butyrate)  is  a  poison 
discovered  by  Vaughan  in  cheese  that  has  undergone 
a  peculiar  fermentation.    Such  cheese  is  not  neces- 
sarily altered  in  appearance  or  taste,  but  has  a  much 
stronger  acid  reaction  than  usual.    Tyro-toxicon  can 
be  detected  chemically  by  neutralizing  with  sodium 
carbonate,   exhausting  with  ether,  evaporating  the 
ethereal  solution,  and  dissolving  the  residue  in  water. 
The  aqueous  solution  strikes  an  orange,  red,  or  purple 
colour  when  treated  with  a  mixture  of  equal  parts  of 
carbolic  and  sulphuric  acids.    It  is  unstable,  and  pre- 
sent generally  in  only  very  small  quantities,  which 
are  difficult  of  detection.     It  is  intensely  poisonous, 
causing  dryness  of  the  mouth  and  fauces,  a  sense  of 
constriction  in  the  throat,  nausea,  vomiting,  diarrhoea, 
and  great  nervous  prostration.    The  symptoms  usually 
pass  off  in  a  few  hours,  but  may  end  in  death  from 
collapse.    Butter  and  cream,  as  well  as  cheese,  have 
given  rise  to  tyro-toxicon  poisoning.     In  1883-84 
there  occurred  in  Michigan,  U.S.A.,  an  outbreak  of 
cheese  poisoning,  which  affected  300  persons,  due  to 
tyro-toxicon  {Vaughan),  and  in  1901  seventeen  cases 
of  tyro-toxicon  poisoning  occurred  in  Finsbury.  In 
both  outbreaks  the  incubation  period  was  short  (only  a 
few  hours),  and  the  symptoms  were  as  stated  above. 

Adulterations  of  cheese  are  unimportant.  Starch 
IS  said  to  be  added  sometimes.  The  use  of  skimmed 
milk  or  colouring  matter  is  not  regarded  as  adultera- 
tion. Cotton-seed  oil  or  other  foreign  fat  is  some- 
times added  m  place  of  the  abstracted  cream  (mar- 
garine  cheese). 

Analysis.— The  proportion  of  fat  to  casein  should 
not  be  less  than  1  to  2  at  the  very  lowest  ;  sometimes 
the  fat  exceeds  the  casein.    The  fat  may  be  extracted 
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witli  etlier,  or  mechanically  by  the  LefFmann-Beam 
process  ot  meltmg  and  centrif  uging.  The  fat  should 
be  exammed  by  the  Eeichert  method.  Water  ranges 
from  20  to  35  per  cent.,  fat  from  35  per  cent,  down  to 
22  per  cent  m  good  cheese,  and  to  1  per  cent,  in 
skimmed  milk  cheese.  Casein  varies  between  25  and 
50  per  cent.,  and  salts  between  3  and  6  per  cent. 

Lard 

The  internal  fat  of  the  abdomen  of  the  pig  should 
be  absolutely  free  from  water  and  from  foreign  fat.  The 
addition  of  water,  which  is  not  now  widely  practised 
IS  detected  by  melting  the  lard  in  a  tall  glass  and 
allowing  time  for  the  water  to  collect  at  the  bottom. 
Cotton-seed  oil  is  the  other  important  adulterant.  It 
IS  detected  by  its  low  melting-point,  high  power  of 
absorbing  iodine,  and  reduction  of  nitrate  of  silver. 

Eggs 

The  average  weight  of  a  hen's  egg  is  about  2  oz., 
of  which  10  percent,  is  shell,  60  per  cent,  white,  and 
30  per  cent.  yolk.  The  white  consists  of  albumin, 
with  86  per  cent,  water,  and  the  yolk  of  albumin  and 
fat  with  52  per  cent,  water.  The  percentage  com- 
position may  also  be  stated  thus  :— Shell  10  per  cent., 
albumin  and  fat  23  per  cent.,  water  67  per  cent. 

Preservation. — Air  may  be  excluded  by  coating  the 
shell  with  butter,  lard,  oil,  wax,  gum,  etc.,  or  by  boiling 
for  half  a  minute  so  as  to  coagulate  the  surface  albu- 
min. Antiseptics  are  also  employed,  e.g.  the  eggs 
are  immersed  in  lime  water,  salt  water,  or  solution  of 
boro-glyceride."* 

Tests  are  only  necessary  for  the  detection  of  stale  or 
rotten  eggs.  Two  ounces  of  salt  in  a  pint  of  water  forms 
a  solution  in  which  good  eggs  sink  and  stale  ones  float. 
Fresh  eggs  are  transparent  at  the  centre,  stale  eggs  at 
the  top  (tested  in  front  of  a  candle  in  a  dark  place). 
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Yegetable  Foods 

Wheat-flour  is  rich  in  albumin  and  carbo- 
Iiydrates,  poor  in  fat  and  salts  of  organic  acids.  It 
contains  from  8  to  12  per  cent,  of  gluten,  and  can 
therefore  be  made  into  bread.  Tlie  salts  are  chiefly 
phosphates  of  potash  and  magnesia. 

Examination  of  flour.— Flour  should  be  free  from 
acidity  or  mouldy  smell.  The  colour  should  be  white  ;  a  yellow 
coloiu'  indicates  age,  fermentation,  or  conversion  of  starch 
into  dextrin  and  sugar. 

The  microscope  may  reveal  any  of  the  following  :  

(1)  Foreign  starches,  especially  potato  and  rice,  the  characters 
ot  which  will  be  described  presently.  (2)  Fmiffi,  the  most 
common  of  which  are  sporangia  of  Puccinia.  One  species  of 
Fuccima  produces  "caries"  or  <' smut  "  of  wheat;  smut  gives 
the  ilour  a  disagreeable  smell,  and  the  bread  a  blue  colour.  It 
IS  said  to  cause  diarrhrea.  (3)  Vibriones  and  other  organisms 
in  fermentmg  flour.  (4)  Acarus  fariim,  common  in  damp, 
interior  flour  which  is  beginning  to  change.  IFeevils  ICalandra 
granarui)  can  also  be  seen  with  the  naked  eye 

Adulterations  and  impurities.— The  chief  are  the 
addition  of  foreign  starches,  mineral  matters,  and  other  cereals. 

Ana\ys\S.~JFater  should  not  exceed  16  per  cent  The 
more  the  water  the  greater  the  liability  to  change.  ' Gluten 
should  not  be  less  than  8  per  cent.,  and  may  reach  12  per  cent. 
It  IS  separated  by  making  the  flour  into  a  paste  and  worlring  it 
with  the  fingers  in  a  stream  of  water  until  all  the  starch  is 
washed  away.  Ash  should  not  be  less  than  0  8  per  cent  or 
fP"'  'frl-  ^^^essive,  it  should  be  tested 'for 
^^o-J"  ^'^^'"n  ^^'-^J-)'  ^^l""'"  sulphate,  and 

wS  irf''''^Tv*'-.^  '^^P^^  t°  '^^^^^  the  flour 

wi  h  chloroform;  the  flour  floats,  but  mineral  matters  sink 
Alum  IS  sometimes  added  during  grindino- 

dilufe^SSi       r       r  ^  paste  with 

thin  Iff  r' ^^^"'^  °^  d^hite  nitric  acid,  and 
then  neutralizing;  ergot  gives  a  reddish  violet  colour,  changing 

aial^Vorr-'*  nitric  acid._  and  to  violet  in  p'resenct  of 
alkal  .    Potash  gives  a  herring-]ike  smell  with  ergotized  flour 

but  a 'f?;  ''''^^'''"^  the  mfcico7e; 

but  a  few  other  tests  are  available.  Bean  meal  o-ives  off  a 
characteristic  smell  when  drenched  with  hot  wate?  and  mav 
also  be  detected  by  the  successive  addition  of  niS  acidaS 
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ammonia,  which  strikes  a  deep  red  colour.  Potato  starch 
grains  swell  up  on  the  addition  of  a  trace  of  potash  in  solution 
which  scarcely  affects  wheat  starch  grains.  Pure  wheat  flour 
made  into  a  dilute  solution  in  water,  is  turned  pink  on  addition 
oi  iodine  ;  hut  if  any  potato  starch  is  present,  a  dark  purole 
colour  will  appear,  '■ 

The  flour  should  also  be  put  to  the  practical  test  of  bread- 
making.  It  may  be  added  that  a  liigh  degree  of  bleaching 
which  IS  obtained  by  the  use  of  peroxide  of  nitrogen  may 
be  injurious.  The  use  of  "improvers,"  such  as  various 
phosphates,  phosphoric  acid,  mixture  of  other  cereals  etc 
is  to  be  discouraged.    {Eamill.)  '  '' 

Bread  is  made  by  mixing  flour  with  water,  and 
kneading  it,  so  as  to  form  dough  by  the  cohesion  of 
the  moistened  gluten.  The  dough  is  charged  with 
carbonic  acid,  which  occupies  innumerable  lacunae 
and  renders  the  mass  porous.  The  carbonic  acid  is 
supplied  by  the  use  of  yeast  ("leaven")  or  baking- 
powders,  or  by  kneading  the  dough  with  water  charged 
with  carbonic-acid  gas  under  pressure  ("aerated" 
bread).  One  hundred  pounds  of  flour  make  about 
130  to  150  lbs.  of  bread. 

During  baking  a  certain  proportion  of  dextrin 
and  sugar  is  formed  from  starch,  and  there  are  traces  of 
lactic  and  butyric  acid.  Alum  checks  these  changes, 
which  are  especially  prone  to  occur  if  bad  flour  is 
used.  Mechanically  aerated  bread  is  the  whitest  and 
most  free  from  dextrin  and  sugar.  About  1  per  cent, 
of  boiled  potato  is  frequently  added  to  the  dough. 

The  various  preparations  sold  under  the  name  of 
"  baking  powders"  are  intended  to  give  lightness  to 
bread  or  cakes  of  various  kinds,  and  the  basis  of  them 
is  bicarbonate  of  soda,  combined  with  acid  which 
unites  with  the  soda  during  baking  and  liberates  the 
carbonic  acid  gas  to  rise  through  the  dough  in  bubbles 
and  so  render  the  result  more  or  less  spongy.  The 
process  is  precisely  analogous  to  that  by  which  efier- 
vescing  drinks  are  formed  by  adding  a  solution  of 
some  acid  to  a  solution  of  the  bicarbonate,  with  the 
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single  exception  that  the  brisk  efFervescence  of  the 
liquid  is  prevented  by  the  greater  cohesion  of  the 
dough,  through  which  the  gas  can  only  ascend  com- 
paratively slowly  and  with  difficulty. 

The  majority  of  the  baking  powders  used  have  as 
their  acid  constituent  tartaric  acid  or  cream  of  tartar, 
or  a  mixture  of  these  substances ;  but  acid  calcium 
phosphate  is  also  used,  and  the  powders  may  be 
divided  into  two  classes,  the  tartaric  and  the  phos- 
phatic.     "Self-raising  flour"  is  flour  to  which  the 
baking  powder  has   been  added,  and  with  which 
tartaric  or  pliosphatic  preparations  have  been  in- 
corporated, together  with  sodium  bicarbonate,  for  the 
purpose  of  producing  gas  when  the  flour  is  moistened. 
Whether  in  baking  powders  or  in  "  self-raising  flours 
the  preparations  in  which  phosphates  are  employed  as 
the  acidifying  agents  are  liable  to  large  contamina- 
tion with  calcium  sulphate  (sulphate  of  lime),  which 
m  some  samples  of    the  calcium   phosphate  may 
amount  to  as  much  as  50  per  cent,  of  the  whole,  and 
which,  even  in  much  smaller  quantity  than  this,'  can- 
not be  regarded  as  a  safe  or  harmless  article  of  'daily 
or  frequent  consumption.    It  should  never  exceed  10 
per  cent.  (Ha7nill*) 

Examination.— Bread  should  be  white.  A  yellow  or  dark 
tint  may  be  d.xe  to  old  or  inferior  flour,  bad  yeit,  adm  xture 
of  rye,  or  merely  to  presence  of  bran.  Acidity  may  be  caused 
by  old  or  inferior  flour.    Bread  is  heavy  and  sodden  if  f  om 

S  SasT  bad'r^^^  T""  ^^^^"^^"^    -^-^^  ^-^es  ar" 

manipulation  ""^^  ''''''         ^  defects  in 

JFater  should  not  exceed  45  per  cent.    An  excess  lowPr« 

ranges  tiom  1  3  to  2  -0  per  cent.  Alum  is  detected  by  nourinc 
upon  a  slice  of  bread,  moistened  by  water,  a  hShly  mTde 
decoction  of  logwood  chips,  and  then  a  solution  of  ammonium 
carbonate.    If  alum  is  present  it  acts  as  a  mordant^and  "fS 

B.<^aZSw^^F!i;J^^i^'  ^^'l'"''         O.  B.  on  Nutritive  Value  of 
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the  lapse  of  half  an  hour,  or  less,  a  strong  blue  colour  is  mani- 
fest, which  is  quite  distinctive  for  practical  purposes,  so  far 
as  bread  analysis  is  concerned,  although  magnesium  car- 
bonate would,  if  present,  give  the  same  reaction.  Pure  bread 
is  merely  stained  pink  by  the  reagents,  and  on  drying  this 
changes  to  a  dirty  brown.  The  blue  given  by  alumina  salts  is 
permanent  on  drying — much  more  so  than  in  the  magnesium 
carbonate  reaction. 

For  legal  purposes  it  is  necessary  to  determine  the  alumina 
quantitatively,  and  then  a  deduction  must  be  made  for  the 
maximum  amount  of  phosphate  of  alumina  which  may  be 
present  in  pure  bread.  It  is  usual  to  deduct  IG  gr.  (of 
alum)  per  4-lb.  loaf,  anything  in  excess  of  this  being  regarded 
as  adulteration.  In  exceptional  cases  pure  flours  may  con- 
tain more  than  this,  and  many  analysts  now  allow  8  or  10  gr. 
per  4  lb.  Alum  used  for  purposes  of  adulteration  usually 
amounts  to  from  20  to  40  gr.  per  4-lb.  loaf. 

Foreign  starches,  especially  rice  and  potato  starch,  ma)' 
sometimes  be  detected  under  the  microscope  even  after  balding, 
but  as  a  rule  they  are  beyond  recognition  in  bread.  Potato 
malces  the  bread  damp  ;  the  percentage  of  water  is  high,  and 
the  ash  is  alkaline  instead  of  being  neutral.  Kice  has  in  itself 
a  low  ash  (0"85)  per  cent.  Excessive  moisture  and  low  ash 
should  raise  suspicion  of  foreign  flour.  High  ash,  on  the  other 
hand,  is  suggestive  of  mineral  adulteration. 

The  seeds  of  Lolium  tenmlentum  (darnel  grass)  may 
occasionally  be  ground  with  wheat  flour,  and  cause  vertigo, 
vomiting,  convulsions,  and  other  symptoms  of  poisoning. 
Various  fermentations  also  occur  in  bread,  producing  chromo- 
genic  changes,  bitter,  slimy,  or  mouldy  bread. 

Barley  is  in  the  main  similar  to  wheat  in  chemical 
composition,  but  contains  more  nitrogen,  iron,  and  phosphates. 
It  is  liable  to  cause  diarrhosa.  Actinomycosis  is  now  regarded 
as  due  to  eating  raw  barley  or  other  cereals,  upon  which  the 
aclinomyces  is  epiphytic.  Oats  contain  more  fat  and  more 
nitrogen  than  wheat,  and  are  more  readily  cooked,  but  gluten 
is  wanting,  and  hence  bread  cannot  be  made  of  oatmeal. 

;  Rye  contains  less  gluten  than  wheat,  and  makes  a  dark 
sour  bread,  which  is  apt  to  cause  diarrhoea  in  those  unaccus- 
tomed to  its  use.  Ergotism  results  from  the  use  o  P  rye  attacked 
by  Claviceps  imrjmrea.  Maize  (Indian  meal)  contains  much 
fat,  and  its  albumin  to  be  made  digestible  requires  careful 
cooking.  Pellagra  has  been  attributed  to  a  fungus  [verclet] 
attacking  maize.  Rice  is  poor  in  nitrogen,  fat,  and  salts, 
but  is  very  digestible. 

Legumiiiosae  contain  much  nitrogen,   chiefly  in  the 
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form  of  legLimin.  Poas  and  beans  are  less  di-estible  thin 
cereals,  and  requu-e  prolonged  gentle  boiling  ^^^""'^'^^'^ 

^^te,'*C''ess  grown  or  washed  in  polluted  water  wa. 
Sa'eWin  iTa^'r^t outbreak  ^of  eteric  W  £ 
£ds  is  n  cessaJv  i^T         ^'^^P^'^^^^  of  watercress 

from  The  same  source  ^"""'"^  '^--^d 

Potatoes  are  antiscorbutic  and  very  diffestible 

^t'^to'  I  ^^^"^^  -lution'of  Specific 

gta\itv  i,100j  bad  ones  float. 

mJZ''nl\^'  ^^^^"^ical  substance,  but  a 

and  celkolose,  which  are  respectively  turned  blue  red 

r^:s°"E'^t"-  ^--^-isLxnostinl;:;^^^^^ 

ot  these.    Boiled  m  water,  or  with  oxalic  or  other 

a^;^^c^         a  soluble  dextro-rotatorv  substance  che 

trSeTod"'"^"^"!"'^^  g--lose,  aiTgivt^' 

the  blue  iodine  reaction.  If  instead  of  organic  acid  a 
2  per  cent,  solution  of  sulphuric  acid  is  boifil  with  he 
granulose  or  starch,  the  soluble  starch  first  fonned  is 

fodS.-tt  n  ^^^^  -  reddened  by 

bi^  not  wV^^^'''^^^^^^^^  ^^^^  ^^^tic  acid, 

sidDl  url  /  r^'''"'.  ^''^^  ^^eating  with 

sulphuric  acid  produces  achroodextrin,  which  aives  no 
colour  Inaction  with  iodine,  and  glucose.  " 
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granules  vary  greatly  in  size.  Some  are  roundish, 
others  oval,  pyriforiii,  truncated,  polyhedral ;  some 
have  distinctive  markings,  especially  faint  concentric 
rings  or  a  hilum. 

Microscopic  examination  of  starches. — A  little  of 
the  starch,  in  a  state  of  fine  powder,  should  be  mixed  with  a 
drop  of  water,  preferably  containing  30  per  cent,  of  glycerine, 
and  put  under  the  microscope.  The  principal  varieties  may 
be  arranged  in  five  classes  [Muter)  : — 

1.  Large  oval  or  pyriform  grains  with  hilum  and  concentric 
rings. — This  group  includes  potato  starch,  and  several  varie- 
ties of  arrowroot.  Tous  les  viois,  or  Canna  arrowroot,  has  the 
largest  grains  of  all ;  Maranta  (Jamaica  or  St.  Vincent)  arrow- 
root is  characterized  by  a  linear  hilum  at  the  larger  end. 

Potato  starch  grains  vary  greatly  in  size  and  shape ;  the 
hilum  is  minute,  but  distinct,  and  is  placed  at  the  smaller  end.* 

2.  Irregular,  round,  or  oval  grains  with  stellate  hilum,  but  no 
rings. — Maize  starch  grains  are  round,  or  polygonal  with 
rounded  angles.  Bean  and  pea  starch  grains  are  oval  and 
very  much  alike,  hut  the  former  are  far  more  uniform  in  the 
size  of  the  grains. 

3.  Sound  or  oval  grains  without  hilum  or  rings. — Wheat 
starch  grains  differ  greatly  in  size,  and  there  is  a  characteristic 
absence  of  medium  sizes  ;  they  are  round  and  flattened.  Polar- 
ized  light  shows  a  cross. 

Barley  starch  is  much  more  uniform.  Rye  starch  granules, 
if  old  and  dry,  often  present  a  large  stellate  hilum. 

4.  Grains  truncated  at  one  end. — Sago  starch  has  a  round 
hilum  at  the  convex  end,  and  faint  rings ;  the  starch  grains  of 
prepared  sago  have  a  large  depression.  Tapioca  starch  grains 
are  smaller  than  sago,  and  some  of  them  show  signs  of  altera- 
tion by  heat. 

5.  Afigular  grains. — Oat  starch  is  often  massed  into  little 
balls  or  clusters  of  grains  fairly  constant  in  size.  Eice  starch 
is  smaller  than  oat,  and  pepper  starch  the  smallest  of  all. 
Under  very  high  power  both  rice  and  pepper  show  a  hilum. 
Tahiti  or  Tacca  arrowroot  is  larger  than  oat  starch,  and  less 
uniform  in  size  ;  it  resembles  maize,  but  has  sharp  angles. 

*  Potato  starch  may  also  be  distinguished  from  arrowroot  by  certain 
chemical  tests.  When  mixed  with  half  its  weight  of  hydrochloric  acid,  the 
former  gives  a  transparent  ielly,  the  latter  a  white  paste.  Potato  starch 
gives  off  an  offensive  odour  when  heated  with  sulphuric  acid.  Potato 
starch  jelly  made  with  water  turns  thiu  a,T\d  sour  in  twelve  hours,  maranta 
not  for  three  or  four  days. 
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Alcoholic   bevemgcs—Alcoliol,  so  far  as  it 

IS  oxidized,  IS  in  a  sense  a  food,  but  hy  dilating  the 
surface  blood-vessels  it  may  cause  more  heat  to  be  lo  t 
than  It  IS  1  self  capable  of  producing,  and  in  large  doses 
the  general  paralysis  of  cellular  aclivity  produced  by 

and  the  fin  ^"'1/-"'         P^duction  Is'diminisheZ 
and  he  fina  result  is  a  lowering  of  body  temperature 
Still  less  IS  It  a  useful  producer  of  energy,  on  account  of 

system.    Hence  though  a  food  in  an  academical  sense 

effect  oTth^^         ^'^t       ''^^''-'''"'y  stimulating 
ettect  on  the  body,  it  does  not  give  staying  power 

It  may,  of  course,  be  associated  with  other  subsCces 

as  m  malt   iquors)  which  have  a  definite  value  as 

ffe  is  ofT  ^  r^'"^?'  ^*  ''^-^y  that  th 

eflects  of  large  doses  of  alcohol  are  the  reverse  of 

those  produced  by  small  doses  (or  amounts  wS  mav 

individual  habits  aZ  MS^ncilT' „r'''f  ''^ 
exercise,  diet,  occupatio.,,  anS   ^3!?;  ^tf.^' 

gin,  rum,  and  brandy.  '  ^  ^  ^  ^^^^^y, 

Spirits  contain  about  40  per  cpnf  i  , 

rather  less  in  ^in  and  mihl     ^  alcohol  ; 

coo  111  gin,  ana  rather  more  in  rum     P^,.*.  i 

sherry  contain  about  17  or  18  per  cent       ^  i^""^ 

light  wines  6  to  14  per  cent     Fnlr  Vi! 
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mixture  of  57 "3  per  cent,  by  volume  of  absolute 
alcoliol  and  42"7  per  cent,  of  water.  The  ratio  of 
alcohol  to  proof  spirit  being  as  1  :  1*76,  the  amount 
of  alcohol  in  any  liquid  being  given,  the  amount  of 
proof  spirit  can  readily  be  calculated. 

Malt  beers  are  made  by  inducing  yeast  fermenta- 
tion of  sugar,  derived  from  the  starch  of  barley. 
During  germination,  the  insoluble  starch  is  converted 
into  dextrine,  maltose  and  glucose,  the  process  being 
completed  by  "mashing"  with  water  at  IGO"  F.  The 
wort  is  then  boiled,  hops  are  added,  and,  after  cooling, 
the  liquid  is  discharged  with  yeast  into  the  fermenting 
tun.  Non-malt  beers  are  made  by  fermenting  glucose 
and  allied  substances  obtained  by  the  action  of 
sulphuric  acid  upon  starch.  Wines  are  produced  by 
fermentation  of  the  juice  of  the  grape,  complete  fer- 
mentation i-esulting  in  a  dry  wine,  incomplete  in  an 
effervescing  or  sparkling  wine.  Spirits  are  prepared 
by  the  distillation  of  some  previously  fermented 
liquor ;  brandy  from  wine,  whisky  from  malted  barley, 
rum  from  molasses.  But  there  are  many  varieties  in 
distillery  methods,  and  much  "brandy  "  is  made  from 
potato  spirit. 

From  the  point  of  view  of  the  medical  officer  of 
health  alcoholic  beverages  assume  importance  in  three 
ways  :  (1)  disease  caused  by  excessive  consumption  ; 
(2)  adultei-ation,  and  (3)  fraudulent  imitations  sold 
to  the  prejudice  or  injury  of  the  purchaser. 

The  diseases  commonly  attributed  to  excessive 
consumption  of  alcohol  are  chiefly  alimentary  or 
nervous,  producing  cirrhosis  of  the  liver  and  various 
forms  of  gastric  disease,  or  alcoholic  neuritis,  delirium 
tremens,  etc.  There  is,  in  addition,  a  large  amount  of 
disease,  directly  or  indirectly  due  to  alcoholism,  which 
does  not  appear  in  death  certification,  and  which  is 
indicated  in  a  general  way  by  the  relatively  high 
death-rates  of  brewers,  inn-servants,  and  innkeepers. 
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Arsenic  in  beer — Of  adulterants  introduced  ac- 
cidentally or  otherwise  into  alcoholic  beverages,  arsenic 
in  beer  is  perhaps  the  best  example.    In  1900  there 
was  wide  prevalence  of  illness  in  South  Lancashire 
and  elsewhere,  which  was,  after  a  time,  identified  by 
Reynolds  as  a  form  of  arsenical  poisoning,  and  traced 
to  the  consumption  of  beer  from  certain  breweries  in 
which  highly  arsenical  brewing  sugars  had  been  used. 
These  were  found  to  be  derived  from  a  common 
supply,  in  the  manufacture  of  which,  from  starch 
arsenical  sulphuric  acid  had  been  used.    The  arsenic 
(AsoOg)  found  in  the  sulphuric  acid  was  1-9  per 
cent   m  the  artificial  sugars  0-008  to  0-131  per  cent. 
(0-56  to  9-17  gr.  per  lb.),  in  beer  often  i  to  i  gr 
per  gallon,  and  m  one  sample  3  gr.  per  gallon.  "This 
danger  vanishes  if  care  is  taken  to  use  acid  free  from 
arsenic,  but  a  more  persistent  source  of  arsenic  in  beer 
was  found  in  the  malt  itself.    The  usual  process  of 
drying  the  malt  m  kilns  with  exposure  to  fumes  of 
gas-coke  or  anthracite  entails  risk  of  contamination 
by  arsenic  in  such  proportions  as  J^th  gr.  per  lb. 
ilie  most  efi-ective  remedy  here  would  seem  to  be 
drying  out  of  contact  with  the  fumes ;  but  much  can 
be  done  by  selection  of  non-arsenical  fuel,  by  careful 
construction  and  cleanliness  of  the  kiln,  so  as  to  avoid 
arsenical  deposits  on  ledges  falling  into  the  malt,  and 
lastly  by  "brushing"  the  malt,  whereby  the  fibrils 
(which   readily  become  charged  with  arsenic)  and 
surface  dust  are  removed.    At  Halifax,  in  1902  the 
use  of  arsenical  malt  caused  a  local  outbreak  of 
poisoning  among  beer-drinkers. 

1  ^^A^e^t^ated  that  in  the  outbreak  of  1900  at 
least  3  000  persons  were  attacked  in  Manchester  and 
Salford  alone,  and  6,000  in  all.  Many  attacks  were 
iatal.  For  some  time  the  nature  of  the  epidemic  was 
obscured  by  the  unusual  character  of  some  of  the 
prominent  symptoms,  more  especially  the  peripheral 
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neuritis  and  pigmentary  clianges.  In  the  main,  the 
attacks  and  their  severity  bore  relation  to  the  con- 
sumption of  beer,  but  some  of  those  attacked  had 
apparently  consumed  but  little,  while  some  heavy 
drinkers  escaped  lightly.  Similar  variations  in 
toleration  and  susceptibility  are  met  with  in  the 
therapeutic  use  of  arsenic.  A  high  degree  of  insus- 
ceptibility is  recorded  in  the  case  of  the  Styrian 
peasants,  who  take  large  doses  without  apparent  ill 
efFect,  and  it  may  be  assumed  in  the  case  of  some 
arsenic  workers.  It  is  important  to  note,  as  an  aid  to 
diagnosis,  that  arsenic  can  be  found  not  only  in  the 
urine,  but  in  the  hair. 

The  Reports  of  the  Royal  Commission  on  Arsenical 
Poisoning,  dealing  primarily  with  the  outbreak  of 
1900,  call  attention  also  to  some  risk  of  presence  of 
arsenic  in  glycerine,  phosphates,  boric  acid,  colouring 
matters,  and  other  food  ingredients.  The  Commission 
recommended  a  penal  limit  of  yi^  gr.  of  arsenic  per 
pound,  or  per  gallon,  in  any  food  substance. 

In  the  Marsh-Berzelius  test,  the  suspected  material  is  first 
treated  with  hydrochloric  acid  in  a  suitable  vessel.  It  is  then 
placed  in  the  Marsh-Berzelius  apparatus,  which  consists  of  a 
tiask  for  the  generation  of  hydrogen  from  which  passes  a 
drying-  tube  and  a  glass  tube  drawn  out  in  the  middle  and  at 
the  end.  In  this  apparatus  hydrogen  is  obtained  from  pure 
zinc  and  pure  sulphuric  acid,  and  the  substance  under  examina- 
tion is  placed  in  the  flask.  Hydrogen  and  arseniuretted 
hydrogen  escape  through  the  drying  tube,  containing  calcium 
chloride,  and  thence  pass  into  the  fine  glass  tube,  which  is 
heated  over  a  Bunsen  burner.  The  arseniuretted  hydrogen 
is  decomposed,  and  the  arsenic  is  deposited  on  the  wall  of  the 
narrow  part  of  the  tube,  and  so  forms  a  "  mirror."  Finally, 
this  mirror  is  compared  with  standard  miri-ors  prepared  from 
known  quantities  of  arsenic  (e.g.  ViSf  sV'  tt?o  S^- 
per  gallon).    The  Reinsch  test  is  less  reliable. 

The  question  of  adulteration  of  alcoholic  bevei'ages 
is  too  large  for  consideration  here,  but,  as  an  illustra- 
tion, mention  may  be  made  of  recent  work  in  con- 
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nexion  with  brandy.    In  187 G,  owing  to  an  outbreak 
of  phyUoxera,  a  parasite  aftecting  and  destroyino- 
vnies,  the  usual  output  of  genuine  brandy  from  the 
Cognac  district  was  curtailed,  and  artificial  prepara- 
tions were  substituted  for  the  genuine  article.  In 
Islinyton  Borough  Council  v.  Hilly er  (1904),  a  sample 
of  "fine  old  pale  brandy"  proved,  on  analysis,  to 
contani  at  least  60  per  cent,  of  a  spirit  not  derived 
from  the  juice  of  the  grape.    In  the  absence  of  any 
official  or  legal  standard,  brandy  may  be  defined  as  an 
alcoholic  liquor  the  spirit  of  which  is  obtained  by  dis 
tillation,  in  a  pot-still,  from  the  juice  of  the  grape,  and 
which  should  contain  not  less  than  80  parts  by  weight 
of  esters  (calculated  as  ethyl  acetate)  per  100,000  parts 
by  volume  of  absolute  alcohol.    In  the  above  sample 
there  were  approximately  40  parts  of  esters,  the  volume 
being  made  up  with  plain  spirit.    The  court  held  that 
this  was  not  genuine  brandy,  and  convicted. 

Whisky  consists  of  spirit  derived  from  malted  bar- 
ley, or  a  mixture  of  malted  or  unmalted  barley  or  wheat 
distilled  in  a  pot-still.    A  spirit  thus  produced  contains 
at  least  3b0  parts  of  secondary  bodies  (higher  alcohols, 
esters,  aldehydes,  etc.)per  100,000  of  absolute  alcohol. 

Summary  as  to  Relation  of  Food  and  Health 

1.  Certain  essential  constituents  of  diet  may  be 
deficient  or  in  excess. 

2  Poisonous  substances  may  be  derived  from  the 
vessels  m  which  the  food  has  been  kept.  Thus  tinned 
provisions  f  ruit,_  fish,  or  meat)  may  become  poisonous, 
and  cider  kept  m  lead-glazed  vessels  may  cause  lead- 
poisonmg. 

3  Injurious  substances  may  be  added  or  sub- 
stituted accidentally,  or  by  way  of  adulteration,  or  bv 
improper  processes  of  manufacture,  or  by  the  drui- 
gmg  of  animals  before  death.  ° 

4.  Certain  kinds  of  food  are  liable  to  be  occa- 
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sionally  poisonous  even  in  the  fresh  state  (mus.-e]- 
poisonmg),  or  when  grown  under  unfavoura))]e  con- 
ditions (oysters,  watercress,  etc.). 

5.  Putrefactive  changes  may  liave  commenced. 

6.  Poisonous  substances  may  he  developed,  either 
as  a  result  of  parasitic  growth  (fermentation)  or 
irom,  at  present,  unknown  causes  (tyro-toxicon). 

7.  The  flesh  or  milk  of  an  animal  suffering  from 
certain  specific  or  parasitic  diseases  may  impart  the 
disease  (e.g.  tuberculosis,  trichinosis,  hydatids).  Acti- 
nomycosis affords  an  instance  of  somewhat  parallel 
danger  from  vegetable,  as  well  as  from  animal,  food. 

8.  Food,  and  especially  milk,  may  become  infected 
by  virus  of  human  origin. 

It  should  not  be  forgotten  that  disease  in  the 
individual,  or  more  rarely  idiosyncrasy  apart  from 
disease,  may  render  certain  kinds  of  food  iniurious 
which  to  ordinary  persons  are  wholesome.  Lastly, 
there  are  certain  accessories  of  diet  which  may  be 
injurious  if  used  injudiciously  (alcohol,  tea). 

In  suspected  cases  of  food-poisoning  the  filling- 
up  of  the  following  table  will  show  what  articles  of 
diet  (if  any)  were  consumed  by  all  the  sick  and  by 
none  of  those  who  escaped  attack. 
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CHAPTER  V 
SOIL 


The  chemical  and  physical  constitution  of  the  soil  and 
the  configuration  of  its  surface  have  an  imiDortant 
bearnig  upon  many  hygienic  questions,  particularly 
in  relation  to  water-supply,  burial-grounds,  sewage 
land  treatment,  sites  for  buildings,  and  the  prevalence 
ot  certain  diseases. 

Temperature—The  daily  variation  of  tempera- 
ture ceases  to  be  perceptible  at  about  three  or  four  feet 
rom  the  surface.    The  annual  variation  is  unimportant 
below  SIX  or  eight  feet,  very  small  below  24  feet 
and  vanishes  at  40  feet  {Galton)  or  50  to  100  feet 
{rarke^.    The  maximum  is  later  as  the  distance 
trom  the  surface  increases,  and  at  Edinburgh  it  was 
tound  that  in  trap-rock  at  a  depth  of  24  feet  the 
maximum  was  in  January  and  the  minimum  in  July 
Ihe  absorption  of  heat,  assuming  that  the  exposure 
s  equal,  IS  determined  mainly  by  the  nature  of  the 
soil  and  the  presence  or  absence  of  vegetation.  The 
absorption  by  sand  being  taken  as  100,  that  of  clay 
IS  about  70,  chalk  60,  and  humus   or  mould  50^ 

^^ef  e,  tl   ^^'T  T''''^'^  i«  generally 

greater  than  absorption.  Trees  and  shrubs  intercept 
the  sun's  rays,  and  on  the  other  hand  check  evapora 
tion  from  the  surface  of  the  soil,  the  net  rlli 
being  to  render  the  ground  cool  and  moist  n  win te 
and  cool  and  dry  in  summer  when  the  leaves  ai^ 
out  Ihe  evaporation  from  leaves  is  very  great  and 
tends  o  moisten  and  cool  the  air,  and  ablt?act  wit  r 
from  the  soil.    Pettenkofer  calculated  that  an  oak  tree 
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with  750,000  leaves  Jutd  in  the  summer  montlis  an 
evaporation  equal  to  eight  times  the  rainfall,  and  in 

Algeria  the  Eucalyplna 
globulus  has  been  found 
to  absorb  and  evaporate 
twelve  times  the  rain- 
fall.* Herbage  lessens 
absorption  of  heat  by  the 
soil,  and  also  true  radia- 
tion, but  increases  evapor- 
ation and  convection 
owing  to  the  vast  surface 
of  the  blades  of  grass. 
Grass,  therefore,  like 
trees,  renders  the  soil 
cooler  and  drier,  and 
moi-e  equable  in  tempera- 
ture. 


Earth  tcmijeratures  are 
usually  determined  by  ther- 
mometers mounted  in  paraffin 
or  wax,  suspended  by  a  chain 
at  the  required  depth  in  the 
soil  (1  to  4  ft.  or  more),  and 
withdrawn  at  daily  or  other 
intervals  for  reading  (Fig.  15). 
An  iron  tube  driven  vertically 
into  the  ground,  protected  by 
open  wooden  covers,  affords 
a  passage  for  the  thermometer. 
Systematic  records  are  usually 
kept  of  the  daily  readings 
of  two  earth-thermometers 
(at  1  ft.  and  4  ft.).  At  greater  depths  the  internal  heat  of  the 
earth  i^roduces  an  appreciable  effect,  causing  a  rise  of  about 
1°  V.  for  every  55  ft. 

Moisture. — At  a  certain  point  below  the  surface 
in  permeable  soil,  all  the  interstices  are  full  of  water, 

*  As  regards  the  air,  forestis  render  both  the  daily  and  annual  tempera- 
tures more  equable,  and  increase  the  humidity  (Galton). 
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to  the  complete  exclusion  of  air.    This  subsoil  loater 
or  ground-ivater  extends  downwards  to  the  next  im- 
permeable stratum.    In  marshy  ground  the  surface  of 
the  subsoil  water  may  coincide  with   that  of  the 
ground  itself,  and  under  ordinary  conditions  it  may 
be   from  two  or  three  feet  to  a  hundred  feet  or 
more  below  the  ground  level.    The  surface  of  the 
ground-water  is  not  necessarily  horizontal,  or  parallel 
with  that  of  the  ground.    It  flows  (usually  towards 
the  nearest  watercourse  or  the  sea)  with  a  velocity 
that  varies  with  the  permeability  of  the  soil  the 
steepness  of  the  gradient,  and  the  absence   of  ob- 
struction by  roots  of  trees.*    The  level  is  affected  by 
that  portion  of  the  rainfall  which  percolates  through 
the  soil;  also  by  the  height  of  water  in  adioinino- 
streams  or  seas,  and  other  conditions  modifying  the 
facility  of  outflow-artificial  drainage,  etc.  Sometimes 
the  range  of  rise  and  fall  does  not  exceed  a  few 
inches,  but  it  is  more  usually  several  feet 

Above  the  level  of  the  ground-water  the  soil, 
though  aerated,  is  still  kept  moist  by  capillary  attrac- 
tion, by  evaporation  from  below,  by  rainfall,  and  by 
the  movements  of  the  ground-water.  The  soil  con- 
stantly loses  moisture  by  evaporation  from  the  surface, 
both  directly  and  through  vegetation. 

J^f  "'o^^t"^^  of  a  sample  of  soil  is  estimated  by  weiohino- 
It  before  (b)  and  .fter  (a)  drying-  it  on  a  water-bath.  Then 

X  100  =  percentage  weight  of  water  in  sample  The 

of  tTi''''  M^""  gyound-water  rises,  it  forces  air  out 
of  the  soil,  and  at  the  same  time  may  pollute 
-ells  by  bringing  into  them  the  washings  Ttt 

be  I'lftZX''''''''''''  ''''  ''""'"'y  grouncl-water  to 
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pure  soil.  As  the  ground-water  falls  again  it  leaves 
the  soil  moist  and  aerated,  conditions  favourahle  for 
fermentative  and  putrefactive  processes  in  organically 
polluted  soil. 

Damp  ground  is  rendered  dry,  and  the  level  of  its 
ground-water  permanently  lowered,  by  subsoil  drainage, 
surface  drainage,  and  opening  the  outflow.  For 
subsoil  drainage  agricultural "  pipes,  i.e.  unglazed 
porous  pipes,  are  laid  loosely  end  to  end  at  the  bottom 
of  deep  trenches,  and  covered  in.  The  interval  to  be 
allowed  between  the  parallel  drains  will  depend  upon 
the  openness  of  the  soil. 

Air  ("  ground-air  ")  is  present  in  all  rocks  except 
the  very  hardest,  above  the  ground-water  level.  It 
fills  all  the  space  unoccupied  by  water  or  solid  particles. 
The  proportion  by  volume  varies  greatly  with  the 
porosity  and  other  conditions  of  the  soil ;  loose  sand 
may  contain  50  per  cent.,  and  humus  several  times  its 
own  volume  of  air.    Ground-air  contains  moisture, 
orcranic  matter  of  animal  or  vegetable  origin,  and 
sometimes  NHg,  H„S,  and  CH^.    Carbonic  acid  is  m 
excess,  and  increases  with  the  depth  ;  it  also  vanes 
creatly  according  to  the  nature  of  the  soil  and  the 
intensity    of   the  local   chemical   changes  that  are 
going  on  in  it.    Oxygen  is  in  relatively  small  pro- 
portfon,  and  decreases  with  the  depth.    At  13  feet 
Fodor  found  14  per  cent,  of  CO3  and  7-5  per  cent, 
of   oxygen.     Many  causes    combine   to   keep  the 
around-air    in    constant    movement,    among  them 
being  wind,  percolation  of  rain,  variations  ^  tem- 
perature and  barometric  pressure,  and  rise  and  tall 
of  2i"0und-water. 

The  percentage  volume  of  air  in  a  sample  of  rock  of  specific 
gravity  g  may      determined  by  finding  its  ^ve:8■ht  when  dry 

(a),  and  when  saturated  with  water  (b).    Then  >^  « 

X  100  =  percentage  of  air.    For  loose  soils  Pettenkofer  used 


V]     CHEMICAL  COMPOSITION  OF  SOIL  173 


two  graduated  burettes  connected  together  at  the  bottom  by  a 
clamped  tube.  One  bm-ette  was  filled  with  water,  and  the  other 
with  dried  and  crushed  sample  aoil.  Water  was  then  allowed 
to  pass  upwards  through  the  soil,  displacing  all  the  air  until  it 
just  reached  the  surl'ace. 

No.  of  c.c.  of  water  used  . 

 ;  : —  X  100  =  percentage  oi  air, 

No.  of  c.c.  of  dry  soil 

All  rocks  are  more  or  less  permeable,  and  there- 
fore capable  of  containing  air  or  water  in  their 
interstices.  A  cubic  yard  of  granite  or  marble  holds 
about  a  pint  of  water,  sandstone  25  gallons,  and  sand 
50  gallons. 

Cliemical  composition. — The  mineral  con- 
stituents of  soil  are  of  the  utmost  variety,  but  only  the 
organic  matters  will  be  considered  here.  The  soil 
undergoes  constant  pollution  by  dead  animal  and  vege- 
table matter  and  excreta,  which  are  as  constantly 
being  i-emoved  by  putrefaction,  nitrification,  and  the 
influence  of  vegetation.  Apai't  from  such  obvious 
examples  as  graveyards,  manured  fields,  sewage-farms, 
and  the  like,  unintentional  pollution  of  the  soil  goes 
on  upon  an  enormous  scale,  especially  around  dwellings. 
Nitrates  are  commonly  found  in  abundance  in  the  soil 
of  any  long-inhabited  place.  Carbonic  acid  and  other 
simple  compounds  are  formed  concurrently ;  offensive 
gases  are  given  off  during  putrefaction,  but  are  de- 
odorized and  oxidized  by  passing  through  aerated  soil. 
Vegetable  matters  are  more  persistent.  They  may 
undergo  putrefaction  and  slow  oxidation,  but  it  is  not 
certain  that  niti^ification  takes  place. 

Sometimes  the  natural  level  of  the  ground  is 
artificially  raised,  constituting  what  is  known  as 
"  made  soil."  This  may  be  ordinary  earth,  but  in  the 
neighbourhood  of  towns  it  is  a  common  practice  to  fill 
up  hollows  and  to  elevate  low-lying  sites  with  trade 
refuse,  ashes,  household  refuse,  and  even  excremental 
refuse.   From  such  soil  the  impurities  fairly  rapidly 
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disappear,  owing  to  oxidation  and  washing  by  rain. 
Sanderson,  Parkes,  and  Savage  found  that  in  about 
three  years  most  of  the  vegetable  matters  in  cinder 
refuse  had  disappeared ;  wood,  straw,  and  cloth  were 
rotten,  but  still  distinguishable.  Free  exposure  to  air 
and  rain  and  free  outlet  for  drainage  will  accelerate 
the  process  of  purification. 

Bacterial    content. — Soil,   particularly  near 
the  surface,  contains  many  bacteria.    These  have 
been  divided  into  groups  according  to  function.  The 
decomposition  or  denitrification  organisms  (many 
of  which  are  anaerobes)  abound  particularly  in  soils 
possessing  a  high  degree  of  organic  matter,  and  their 
role,  being  analytic,  is  to  break  down  compounds  of 
ammonia  and  nitrogen,  yielding  free  nitrogen,  CO.^, 
water,  ammonia,  and  sometimes  nitrites.    These  latter 
bodies  are  oxidized  by  the  nitrifying  organisms  first 
discovered  by  Schlosing  and  Muntz  in  1877.  Nitri- 
fication is  a  synthetic  process,  and  is  performed  in 
two  stages  :  first,  an  oxidation  from  ammonia  bodies 
to  nitrites,  carried  out  by  the  nitrous  organisms 
(nitroso-bacteria)  ;  and  secondly,  the  oxidation  of  the 
nitrites  into  nitrates  by  the  agency  of  the  nitric 
organisms  (nitro-bacteria).    For  the  performance  of 
their   function   these  organisms   require  pabulum, 
oxygen,  a  base  with  which  nitric  acid  when  formed 
can  combine,  and  a  favourable  temperature.  Both 
oro-anisms  are  widely  distributed  in  superficial  soils 
(within  12  inches  of  the  surface),  and  act  together 
and  in  conjunction  for  the  common  purpose  of  nitri- 
fication.   Their  range  of  action  is  only  limited  by 
the  amount  of   calcium  present   in   the  soil.  In 
organic  solutions,  nitrous  organisms  thrive  and  nitric 
organisms  do  not,  the  reverse  being  true  in  in- 
organic solutions  containing  nitrites,  in  which  nitrous 
organisms  are  incapable  of  the  oxidation  process. 
The  presence  of  peaty  or  humous  matter  appears 
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to  preserve  the  vitality  of  nitric  organisms  during 
tlie  fermentation  of  ammonia.  It  is  owing  to  the 
fact  that  sewage  contains  vast  numbers  of  these 
denitrifying  and  nitrifying  oi'ganisms  that  the  "  bac- 
terial treatment "  by  contact  bed  is  possible.  A 
third  group  of  allied  organisms  are  the  nitrogen ■= 
fixing  bacteria  found  in  soil  and  in  the  roots  of  Legu- 
minosse ;  their  function  appears  to  be,  directly  or 
indirectly,  the  fixation  of  free  nitrogen  (symbiosis). 
This  may  be  performed  under  the  symbiotic  condition 
by  the  leaves,  by  distribution  in  the  soil  of  the  root 
nodules,  or  by  the  nodules  themselves.  It  is  thus,  in 
part,  that  clover,  vetches,  peas,  beans,  and  other  legu- 
minous crops  increase  the  amount  of  fixed  nitrogen 
in  the  soil,  particularly  where  it  is  especially  small 
in  quantity.  Associated  with  these  groups  of  bac- 
teria are  a  number  of  saprophytic  organisms,  the 
function  of  which  is  not  known.  Houston  has 
described  certain  acid-forming  microbes  in  peat. 

It  would  be  diflticult  to  over-estimate  the  value 
in  the  economy  of  nature  of  the  three  groups  of 
organisms  to  which  reference  has  been  made  :  they 
remove  organic  matter  and  waste  animal  products, 
they  carry  on  the  oxidation  processes  which  are 
applied  in  the  bacterial  treatment  of  sewage,  and 
they  fix  free  nitrogen.  Some,  at  any  rate,  of  the 
pathogenic  organisms  are  also  known  to  live  and 
multiply  in  soil,  and  at  least  three  find  in  such  a 
medium  a  favourable  nidus.  The  bacillus  of  tetanus 
{B.  tetani)^  is  common  in  the  soil  and  dust  of  certain 
districts,  either  in  a  bacillary  form  or  in  the  resting 
stage  of  spores.  The  presence  of  this  bacillus  in 
jute  factories  is  possibly  due  to  its  attachment  to  the 
roots  of  the  Gorchorus  in  the  soil  of  Bengal.  The 
organisms  of  quarter-evil  (symptomatic  anthrax)  and 
malignant  oedema  are  two  other  examples  of  pathogenic 
bacteria  in  soil. 
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Recent  research  has  shown  that  the  typhoid  bacil- 
lus bears  a  relation  to  soil.    In  1888  Grancher  and 
Deschamps  showed  that  it  was  able  to  survive  in  soil 
for  more  than  twenty  weeks.    In  1894  Dempster 
published  the  results  of  his  work  on  the  same  subject, 
in  which  he  obtained  the  bacillus  from  sand  after  23 
days,  from  garden  soil  after  42  days,  and  from  peat 
not  later  than  24  hours.    Four  years  later  came 
Robertson's  researches  into  the  growth  of  the  typhoid 
bacillus  in  the  soil  of  an  ordinary  field,  from  which  he 
was  able  to  isolate  the  living  bacillus  twelve  months 
after.    Sidney  Martin  found  the  organism  still  alive 
after  404  days  in  dry  sterilized  garden  soil;  in  wet 
soils  it  lived  but  a  short  time,  as  also  in  uncultivated 
soils  which  had  not  been  sterilized,  and  in  which 
ordinary  putrefactive  germs  abounded.    Under  such 
conditions  the  typhoid  bacillus  appeared  to  die  out 
rapidly.    Lastly,  we  have  the  results  of  the  investi- 
gations of  Firth  and  Horrocks  (1903),  who  conclude 
that  the  typhoid  bacillus  is  able  to  assume  a  vege- 
tative existence   in   ordinary  soils  and  in  sewage- 
polluted  soils  for  as  long  as  74  days.    They  further 
maintain  that  the  controlling  factor  is  an  excess 
or  deficiency  of  moisture  in  the  soil  rather  than 
organic  nutritive  material.    From  dry  fine  sand  the 
bacillus  was  recovered  after  25  days ;  from  moist  fine 
sand,  after  1 2  days  ;  from  damp  (rain-water)  ordinary 
soil,  after  67  days ;  from  damp  (sewage)  ordinary  soil, 
after  53  days;  and  from  ordinary  soil  dried  to  the 
state  of  dust,  after  24  days.    In  peat  the  bacillus 
lives  apparently  only  a  few  days.  Firth  and  Horrocks, 
therefore,  arrive  at  a  difi'erent  conclusion  from  Martin, 
namely,  that  the  typhoid  bacillus  is  able  to  assume  a 
vegetative  or  saprophytic  existence  for  considerable 
periods  outside  the  body,  that  it  can  survive  in  ordinary 
earth  for  over  two  months,  whether  the  soil  be  virgin 
or  polluted  with  sewage,  or  frozen  hard,  and  that. 
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therefore,  it  follows  that  outbreaks  of  enteric  fever 
may  be  due  to  the  dissemination  (for  example  by 
wind  or  flies)  of  infective  soil  dust.  Pfuhl  of  Berlin 
(1904)  has  arrived  at  results  confirmatory  of  these 
experiments.  From  moist  garden  earth  he  recovered 
the  typhoid  bacillus  88  days  after  inoculation,  from 
dry  sand  after  28  days,  and  from  moist  peat  after 
21  days. 

Sewage  added  to  ordinary  garden  soil  leads  to  a 
temporary  increase  only  of  sewage  microbes  at  the 
expense  of  soil  microbes,  the  ordinary  soil  bacteria 
eventually  ousting  the  sewage  microbes  in  the  struggle 
for  existence.  Sandy  soil  so  treated  does  not  recover 
for  some  months.  The  chief  kinds  of  bacteria  result- 
ing from  such  soil  treatment  are  indol-producing 
bacteria,  gas-producing  bacteria,  spores  of  B.  enteriticUs 
sporogenes,  B.  coli  and  its  allies,  and  streptococci 
(Houston).  Further,  it  shonld  not  be  forgotten  that 
soil  has  the  power  of  destroying  some  pathogenic 
germs  as  well  as  sewage  oi^ganisms. 

Soil  and  disease — Among  important  specific 
diseases,  anthrax,  tetanus,  malaria,  enteric  fever, 
cholera,  diarrhoea,  and  yellow  fever  are  closely  con- 
cerned with  telluric  conditions.  Dampness  of  "soil  is 
favourable  to  phthisis  and  diphtheria,  and,  according 
to  some  authorities,  to  rickets  also.  Goitre  is  often 
credited  with  a  more  indirect  relation  to  the  soil 
(p.  80). 

Enteric  fever  and  cholera  exhibit  in  certain 
localities  a  somewhat  definite  inverse  relation  to  the 
fluctuations  of  the  level  of  the  ground-water  In 
Munich,  Leipsic,  and  elsewhere,  it  has  been  found  that 
a  tall  m  the  subsoil  water,  and  especially  a  rapid  fall 
after  an  unusually  high  level,  is  followed  by  an  outbreak 
ot  enteric  fever.  These  observations,  extending  over 
several  years,  led  Pettenkofer  to  the  conclusion  that 
the  conditions  requisite  for  an  enteric  outbreak  are 
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(1)  a  rapid  full  (after  a  rise)  in  the  ground-water, 

(2)  pollution  of  the  soil  with  animal  impurities,  (3)  a 
certain  earth  temperature,  and  (4)  the  presence  of  a 
specific  organism  in  the  soil.  These  conditions  imply 
a  warm,  moist,  and  well-aerated  soil,  containing  pabu- 
lum suitable  for  the  specific  microbe.  On  the  other 
hand,  the  association  of  falling  ground-water  with 
enteric  outbreaks  is  not  observed  in  other  localities. 
It  has  not  been  traced  in  England,  as  a  rule,  and, 
indeed,  outbreaks  have  occurred  with  rising  ground- 
water. Although  the  existence  of  some  direct  or  in- 
direct relation  between  the  two  phenomena  in  Munich 
cannot  be  doubted,  Pettenkofer's  hypothesis  is  not 
the  only  possible  explanation.  Buchanan  suggested 
that  the  connexion  between  them  may  be  found  in 
pollution  of  wells,  but  Pettenkofer  obtained  no 
analytical  evidence  of  this. 

The  same  conditions,  according  to  Pettenkofer,  are 
necessary  for  the  appearance  of  cholera  in  an  epidemic 
form. 

Malaria,  including  under  that  term  the  various 
forms  of  intermittent  and  remittent  fevers,  is  also,  in 
part,  a  "telluric"  disease.  The  specific  protozoa 
have  at  one  stage  of  their  development  their  normal 
habitat  in  the  soil  or  in  surface  water,  and  require 
air,  a  certain  degree  of  warmth,  and  decomposing 
vegetable  organic  matter.  A  rise  of  ground- water  due 
to  heavy  rainfall,  or  impeded  or  insufficient  outflow, 
is  a  common  antecedent  of  severe  outbreaks  m  mala- 
rious districts,  and  many  such  districts  m  England 
and  elsewhere  appear  to  have  been  permanently 
freed  from  malaria  by  improved  drainage.  Land 
that  has  gone  out  of  cultivation  may  become 
malarious  if  the  other  conditions  are  favourable. 
Marshy  land,  especially  if  covered  with  rank 
vegetation,  is  the  most  common  locus,  and  estuarial 
marshes  are  favourable  breeding  grounds.  Either 
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permanent  flooding  or  drainage  will,  as  a  rule,  render 
them  non-malarious. 

Enteric  fever,  cholera,  and  yellow  fever  are  often 
endemic,  a  fact  that  in  itself  is  strongly  suggestive 
of  telluric  relations.  They  are  also  found  to  flourish 
best  where  the  soil  is  polluted  with  excremental  or 
other  animal  matter.  The  same  may  be  said  of  diar- 
rhoea, and  Ballard  has  shown  that  outbreaks  of 
summer  diarrhoea  have  a  close  relation  with  the  earth 
temperature  at  a  depth  of  four  feet.  Soil  may  become 
infected  by  the  spores  of  anthrax  or  tetanus,  and 
retain  the  infection  for  an  almost  indefinite  time. 

Buch  anan  believed  not  only  that  j^hthisis  mortality 
bears  a  direct  relation  to  dampness  of  subsoil,  i.e.  to 
height  of  ground-water,   but   also    that   when  the 
ground-water  is  lowered  and  tlje  soil  dried  by  arti- 
ficial drainage,  the  recorded  phthisis  mortality  falls ; 
but  this  view  must  be  accepted  with  reserve.  He 
concluded  that  there  is  less  phthisis  among  popula- 
tions living  upon  pervious  soils,  which  were  higher- 
lymg  and  sloping,   than  on  impervious,  low-lying, 
and  flat  soils.    It  appears,  also,  that  dampness  of 
soil  is  favourable  to  all  affections  of  the  respiratory 
system,  including  bronchitis  and  pneumonia.    In  the 
absence  of  definite  evidence  the  popular  theory  that 
damp  and  cold  soils  are  conducive  to  rheumatism 
and  all  manner  of  catarrhs  may  be  provisionally 
accepted.    A  high  level  of  ground-water  (say  within 
five  feet  of  the  surface)  is,  therefore,  objectionable, 
and  It  is  preferable  that  it  should  be  fifteen  feet  or 
more  from  the  surface ;  but  frequent  and  extensive 
fluctuations  of  level  are  probably  worst  of  all.  The 
presence  of  clay,  like  high  ground-water,  renders  a 
soil  "  cold." 

Building  sites  Porous  soils,  like  sand  or 

gravel,  with  low  ground-water,  are  the  warmest,  and  in 
the  mam  the  most  healthy ;  but  they  are  also  the  most 
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liable  to  organic  pollution,  and  the  ground-air  moves 
freely  in  their  interstices.    Clay,  and  especially  a  clay 
slope,  affords  a  far  more  healthy  site  than  gravel  or 
sand  containing  organic  matter,  the  impure  ground- 
air  from  which  is  constantly  forced  out  of  the  soil, 
and  is  also  liable  to  be  drawn  into  the  interior  of 
houses  through  the  basement.    The  most  unhealthy 
site  of  all  would  be  a  hollow  with  impure,  gravelly 
soil  and  high  and  fluctuating  level  of  ground- water  ; 
the    most  healthy,  the  summit  of  a  slope  with  dry, 
pure,  sandy  or  gravelly  soil,  and  low  and  stationary 
level   of   subsoil   water.    The  foot  of  a  slope  often 
receives  the  drainage  from  the  higher  ground,  and 
there  is  the  same  liability  to  damp  at  the  junction 
of  an  upper  porous  and  a  lower   impervious  bed, 
especially  if    the  strata  dip  towards  the  point  in 
question.    In  tropical  regions  it  is  necessary  to  take 
into  account  the  tendency  of  winds  to  pass  up  valleys 
and  ravines,  from  lower  to  higher  levels,  during  the 
day,  and  in  the  reverse  direction  at  night.  The 
proximity  of  marshy  or  "malarious"  ground  may  be 
dangerous,  even  if  the   site  itself  is  otherwise  free 
from  objection.    Herbage  is  beneficial,  for  the  reasons 
already  stated,  and  so  too  are  trees,  unless  they  are 
allowed  to  interfere  with  light  and  circulation  of  air. 
Manured  lands  have  not  been  proved  to  be  hurtful  : 
but  irrigated  lands,  and  especially  rice-fields,  which 
give  off  organic  matter  and  much  moisture,  are  often 
injurious  ;  and  in  Italy  rice-grounds  are  not  allowed 
within  14   kilometres  of  cities,  or  1  kilometre  of 
small  towns  (Parkes).     There  seems  to  be  no  good 
evidence  against  well-managed  English  sewage-farms. 
"Made  soil"  is  usually  impure  and  unfit  for  building 
sites.    The  objection  is  greatest  when  the  deposit  is 
recent  (within  three  years)  and  contains  excremental  or 
other  organic  refuse,  and  is  so  placed  in  hollows  that 
drainage  and  aeration  are  impeded. 
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Ocolog:icnl  loriiiatioHs.— The  following  is  a 
sunnnaiy  of  Parkes's  conclusions  in  respect  to  the 
healthiness  of  certain  geological  formations,  but,  as  he 
points  out,  they  are  of  less  importance  than  the 
immediately  local  conditions  :  — 

^  Granitic,  metamorphic,  and  tra'p  rocks,  7nilhtone 
grit,  and  clay  slate  are  imperv^ious  and  generally 
healthy.  The  slope  is  great,  vegetation  not  excessive, 
air  dry,  and  water  pure.  Marshes  are  infrequent. 
Tiiese  rocks,  when  weathered  and  disintegrated,  are 
alleged  to  be  unhealthy. 

^  Limestone,  oolite,  and  magnesian  limestone  (dolo- 
mite) have  also  much  slope,  and  water  passes  off 
readily.  Marshes  may  occur,  even  at  great  heights. 
Magnesian  limestone  is  the  worst  and  oolite  the  best. 
Goitre  and  calculus  may  be  met  with. 

Chalk  is  healthy  if  permeable  and  free  from  clay. 
The  air  and  water  are  pure.  Goitre  and  calculus 
are  less  common  than  in  limestone  districts.  Marly 
chalks  are  impermeable,  and  therefore  damp  and  cold, 
and  may  be  "  malarious." 

Sandstone,  if  permeable,  is  healthy.  The  air  and  soil 
are  dry,  but  the  water  is  often  imj^ure.  An  admix- 
ture, or  substratum,  of  clay  may  render  the  site  damp. 

Sand  is  healthy  if  pure  and  dry.  Many  sandy 
soils  are  unhealthy,  e.g.  when  the  subsoil  water  is 
high  and  organic  impurities  are  present.  The  water 
IS  liable  to  contain  salts  of  the  alkalies,  lime 
magnesia,  and  iron,  and  is  often  unfit  for  drinkino- 
purposes.  ® 

Gravel  is  healthy,  except  in  hollows  where  the 
ground-water  is  high.  Gravel  hillocks  are  the  healthi- 
est ot  all  sites.    The  water  is  usually  pure. 

Alluvial  soils,  including  clay  and  dense  marl, 
are  usually  unhealthy.    Water  neither  runs  off  nor 
through  them,  marshes  are  common,  the  air  is  moist 
and  the  water  often  impure  with  lime  and  soda  salts. 
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The  deltas  of  groat  rivers  present  these  alhivial 
characters  in  tlu;  higliest  chigree,  and  slionld  not  be 
adopted  for  sites  without  tliorough  drainage. 

Much  may  l)e  done  to  improve  a  site  not  naturally 
healthy.  If  damp  it  may  be  drained,  or  trenches  may 
be  cut  around  it  so  as  to  iiitercept  the  subsoil  water 
on  its  way  from  higher  ground.  By  such  means  the 
level  of  the  groimd-water  will  be  lowered  and  its  fluc- 
tuations lessened.  Damp  ])laces  near  the  site  may  be 
drained  or  filled  in,  and  the  site  itself  may  be  artifi- 
cially elevated  if  necessary.  Trees  are  often  desirable 
for  shelter  or  ornament,  but  should  not  be  allowed  to 
intcii'fere  with  light  or  circulation  of  air.  Rank  or 
superabundant  vegetation  must  be  cleared  away,  but 
short  grass  is  beneficial. 
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Dwelling-houses  and  schools  should  be  erected 
on  sites  where  it  is  possible  to  avoid  dampness  and 
impurity  of  soil,  as  well  as  a  cold,  cheerless  aspect  and 
exposure  to  violent  winds.  A  dry,  porous  soil,  such 
as  sand,  gravel,  or  chalk,  should  therefore  be  chosen, 
in  a  well  drained  situation,  jDreferably  on  a  slope, 
facing  S.W.  or  S.E.,  and  not  hemmed  in  by  high 
trees  or  high  buildings. 

Materials  and  g^eiieral  construction.— 
Most  of  the  ordinary  building  materials  are  pervious 
to  air  and  water  to  a  greater  or  less  extent.  Galton 
states  that  with  a  temperature  of  40°  F.  outside,  and 
72°  F.  within,  the  volumes  of  air  passing  through  a 
square  yard  of  wall  vary  according  to  the  material,  as 
follows  : — 


Sandstone 

.  4-7 

Quarried  limestone 

.  6-5 

Brick  . 

.  7-9 

Limestone 

.  10-1 

Mud  . 

.  14-4 

)I 
) ) 


The  thickness  of  the  wall  is  supposed  to  be  the 
same  in  all  cases.    Mortar,  cement,  and  concrete*  are 

1  *  Frmnpnnf 'f^?  of  .sl.arp  sand  and  slaked  lime  in  the  proportion  of  3  to 
1.  Fiequently  inferior  niatenal  is  worked  up  info  mortar  Portland 
c  in;  isinade  by  grinding  chalk  and  mixing  it  with  blue  clay  and  S  er 
mud,  then  burning  it  in  a  kiln  and  grinding  it  to  a  fine  powder  "  CompQ 
IS  a  mixture  of  Portland  cement  with  sancf  for  exteruil  plastering  in  two 
coats  a  rough  coat  composed  of  1  part  cement  to  5  parts  compo  and  a  fine 
'"lalT^'r'''  'T'  '  P«rt  cen.ent.  With  [his  material  wJus^'e 
and%"r?ii„ie^rc;int^°"P°"'       ^"'''^  '^^'^-*>  '  P^'^^ 
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also  permeable,  and  the  caustic  lime  they  contain 
absorbs  carbonic  acid  until  it  becomes  saturated. 
Wood  in  its  natural  condition  absorbs  water,  and  the 
inevitable  joints  and  crevices  admit  of  the  passage 
of  air  and  water.  Bricks  are  usually  9  in.  x  4^  in.  x 
2 1  in.  Tliey  are  porous  and  absorbent,  but  if  of  good 
quality  make  excellent  building  material.  Stone 
varies  greatly  in  consistence  and  durability.  Portland 
stone  is  much  used  in  the  metropolis. 

By  painting,  varnishing,  and  other  means  the 
inner  surfaces  of  walls,  floors,  and  ceilings  can  be 
rendered  impervious,  and  walls  lined  with  glazed 
bricks  or  the  finer  cements  (Parian)  are  scarcely 
permeable. 

The  disadvantages  of  porous  materials  are  ob- 
vious, and  the  air  admitted  in  this  way,  though 
small  in  amount,  is  at  least  doubtful  in  purity. 
Pervious  walls  are  liable  to  be  damp  and  cold.  Air 
passing  through  them  in  either  direction  is  filtered, 
and  the  wall  becomes  charged  with  organic  impurities. 
This  is  especially  the  case  with  the  inner  surfaces,  and 
in  hospitals  it  is  now  customary  to  render  the  walls 
and  floors  impervious  as  far  as  possible.  The  exclusion 
of  damp  and  impure  ground-air,  by  means  of  imper- 
vious basements,  is  absolutely  necessary  in  ail  inhabited 
buildings.  This  may  most  conveniently  be  efiected  by 
covering  the  basement  in  every  part  with  a  layer  of 
concrete  six  inches  thick,  as  required  by  the  Model 
Bye-laws,  but  other  materials  may  be  employed. 
It  has  been  proposed  to  cut  ofi"  the  communication 
with  the  soil  still  more  thoroughly  by  elevating  the 
house  upon  pillars  and  arches,  thus  allowing  free 
play  of  fresh  air  beneath  it.  If  there  are  no  cellars, 
the  same  result  may  be  attained  in  some  degree  by 
constructing  the  lowest  floor  a  foot  or  two  above 
the  ground  level,  and  freely  ventilating  the  space  be- 
neath by  means  of  large  air-grates.    In  houses  built 
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the  entraMce  of 
inevitable  when- 


■vvithout  precautions  of  this  kind 
ground-air  through  the  basement  is 
ever  the  air  in 
the  interior  of 
the  house  is 
warm,  and  there- 
fore lighter  than 
that  outside. 

Measures 
must  also  be 
taken  to  prevent 
damp  from  ris- 
ing in  the  walls 
by  capillary  at- 
traction. For 
this  purpose  a 
"damp  -  course" 
must  be  pro- 
vided, that  is,  a 


continuous  hori- 
zontal course  of 
glazed  earthen- 
ware, sheet  lead,  two  layers  of  ordinary  roofing  slate 
set  in  cement,  f  in.  of  asphalt,  stoneware  slabs,  two 
courses  of  Staffordshire  bricks,  or  other  impervious 
material  of  the  full  thickness  of  the  wall,  above 
the  highest  point  at  which  the  wall  is  in  contact 
with  the  earth,  and  below  the  lowest  timbers  or 
floor  supports  (Fig.  16).  It  is  undesirable  to  allow 
the  soil  to  be  in  contact  with  the  wall  of  any  room  or 
cellar,  and  this  can  usually  be  obviated  by  excavatinc^ 
It  on  the  outside  to  below  the  level  of  the  floor  so  a? 
to  form  a  "dry  area,"  but  if  this  is  impracticable  the 
device  shown  in  the  Model  Bye-laws  may  be  employed  : 
the  wal  IS  made  hollow  up  to  a  point  above  the 
ground  level,  and  two  damp-courses  are  inserted,  one 
at  ihe  level  of  the  bottom  of  the   cavity,  and  of 


Fig.  16. — Damp-course. 
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course  beueatli  the  floor  level,  the  other  at  the  top 
of  the  cavity,  and  therefore  aljove  the  level  of  the 
ground  outside  ( Fi'^.  17).  In  this  way  the  inner  wall  is 
completely  isolated  from  the  soil.  Hydraulic  lime 
should  also  be  used  in  the  mortar. 

The  necessity  for  free  ventilation  extends  to  all 
closed  spaces,  including  those  below  floors.    There  is 

a  tendency  among 
builders  to  use  air- 
grates  so  constructed 
and  arranged  as  to 
allow  but  little  air 
to  pass.  If  the  ven- 
tilation is  insuflacient, 
the  air  becomes  damp 
and  musty,  and  the 
fungous  growth 
known  as  "dry-rot" 
[MeruUus  lacrimans) 
is  liable  to  set  in. 
As  regards  the  upper 
stories,  however,  the 
ventilation  through 
the  boards  and  ceiling 
is  usually  sufl&cient 
to  prevent  dry-rot, 
unless  the  floor  is 
covered  with  oilcloth 
or  otherwise  rendered 
impervious.  Fire- 
proof floors  are  now  becoming  common. 

The  thickness  of  walls  is  often  regulated  solely 
by  considerations  of  stability,  and  the  choice  of 
materials  by  their  cheapness  and  convenience,  but 
regard  should  also  be  had  to  warmth  and  exclusion 
of  damp.  It  is  sometimes  advantageous  to  make  the 
outside  wall  hollow  or  double,  or  even  to  fill  in  the 


Fig.  17. — Double  damp-course.  Soil 
abutting  upon  hollow  wall. 
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hollow  of  a  double  wall  with  pitch  or  cement.  The 
outer  surface  may  also  be  made  impervious  by  paint, 
tar,  cement,  or  slate.    Damp  walls  may  be  due  to 
ascending  moisture  where  there  is  no  damp-proof 
coui'se,  or  to  overflow  from  roof-gutters  and  rain- 
water pipes,  etc.    The   walls  separating  one  house 
froiu  another  should  be  carried  up  to  or  above  the  roof 
in  every  part.    Any  communication  beneath  the  roof 
is  objectionable  for  many  reasons,  including  danger 
in   case  of  fire  or  infectious  disease  in  one  of  the 
houses.    The  Model  Bye-laws  require  for  the  external 
walls  or  party-walls  of  houses  a  minimum  thickness 
of  nine  inches,  increasing  according  to  a  prescribed 
scale  when  the  height  exceeds  25  feet  or  the  length 
30  feet.    Walls  should  be  properly  bonded  by  Flemish 
bond  (bricks  placed  transversely  and  longitudinally 
by  turn)  or  English  bond  (a  course  of  longitudinal 
alternating  with  a  course  of  transverse). 

The  roof  itself  affords  very  little  protection  from 
the  extremes  of  temperature,  and  the  rooms  imme- 
diately beneath  it,  if  intended  for  occupation,  should 
have  a  "false  roof"  or  ceiling  over  them,  so  as  to 
leave  an  intervening  air-space  below  the  slates. 

The  size  of  the  rooms  will,  of  course,  be  regulated 
hj  convenience  and  by  the  purpose  for  which  they  are 
intended.  As  a  rule,  the  height  should  not  be  less 
than  ten  feet,  but  extreme  height  is  not  desirable 
unless  means  are  provided  for  carrying  away  the  hot 
and  impure  air  from  the  upper  part  before  it  con- 
denses and  falls  again.  A  window  opening  top  and 
bottom  and  placed  in  an  external  wall  is  essential  in 
every  mhabited  room,  and  as  far  as  possible  a  due 
northern,  and  therefore  sunless,  aspect  is  to  be  avoided. 
Besides  the  window,  every  room  should  have  an  open 
chimney,  or  at  least  some  permanent  and  effectual 
means  of  ventilation  not  entirely  under  the  control  of 
the  occupant.    Rooms  beneath  the  ground  level  are 
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liable  to  damp,  stagnation  of  air,  and  deficiency  of 
suniii^ht,  and  should  never  be  used  as  bedrooms.  A 
centiiil  hall  or  staircase  of  the  full  height  of  the  house, 
with  ventilating  windows  at  the  top,  is  useful  in  pro- 
moting free  circulation  of  air  throughout  the  building. 

For  the  sake  of  securing  a  share  of  sunlight  in 
every  room,  it  is  preferable  that  rows  of  houses  should 
run  north  and  south,  and  that  square  buildings  should 
have  angles  in  those  directions. 

Every  house  should  have  both  in  front  and  rear 
an  open  space  at  least  equal  in  length  to  the  height 
of  the  building,  in  order  to  allow  sufficient  light 
and  ventilation  for  the  rooms  on  the  lowest  floor. 
The  arrangement  of  houses  in  courts  or  small 
closed  squares  is  objectionable,  since  the  air  cannot 
circulate  freely.  Cul-de-sac  courts  and  courts  en- 
tered under  archways  or  by  high-walled  alleys  are 
on  this  account  to  be  deprecated.  Nor  should  build- 
ings be  so  placed  in  relation  to  each  other  as  to  pre- 
vent free  access  of  sunlight  and  air.  The  space 
in  front  of  houses  should  be  of  a  minimum  width  of 
36  feet  for  a  street  of  more  than  100  feet  in  length 
which  itself  must  be  at  least  24  feet  wide  (in  London 
40  feet).  Model  Bye-laws  provide  for  at  least  150 
superficial  feet  at  the  rear  of  houses.  The  London 
Building  Act  crystallizes  the  j^rinciple  that  the  amount 
of  space  at  the  rear  shall  be  proportionate  to  the 
height  of  the  building,  and  it  contains  a  number  of 
regulations  as  to  building  in  nevi^  and  old  streets. 
Streets  should  not  be  of  less  width  than  the  height  of 
the  houses  in  them,  and  a  line  drawn  from  the  ridge 
of  the  roof  to  the  foot  of  the  wall  opposite,  front 
and  reaz',  should  not  make  an  angle  of  more  than  45° 
with  the  ground.  The  practice  of  building  over  back- 
yards which  prevailed  in  Central  London  last  century 
is  wholly  pernicious,  for  such  a  system  leads  to  back- 
to-back  houses. 
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Back-to -back  houses  are  dwellings   in  which 
through  ventilation  cannot  be  obtained  owing  to  the 
fact  that  the  back  wall  of  the  house  is  a  party  wall 
belonging  in  conmion  to  another  dwelling  at  the  rear, 
so  that  the  two  dwellings  arc  in  contiguity,  back  to 
back.    Such  houses  usually  have  dai-k  and  ill-venti- 
lated sculleries,  pantries,  storerooms,  or  living-rooms, 
almost  devoid  of  sunshine ;  in  the  absence  of  back 
yards  the  closets  and  ash-pits  are  built  in  blocks,  often 
at  an  inconvenient  distance  and  in  a  public  jwsition ; 
the  absence  of  a  curtilage  is  a  serious  inconvenience  ; 
and,  lastly,  the  construction  of  back-to-back  houses 
leads  to  overcrowding  of  houses  on  the  land.  The 
eflfect  of  back-to-back  houses  on  the  health  of  the 
occupants  is  manifested  in  an  increased  general  death- 
rate,  chiefly  attributable,  according  to  Darra  Mair,  to 
(a)  common  infectious  diseases,  (b)  diarrhoea,  (c)  pneu- 
monia, bronchitis  and  other  pulmonary  diseases,  and 
{d)  certain  infantile  causes  of  death  of  a  develop- 
mental nature  or  due  to  malnutrition  and  debility. 
Tatham  has  shown  that  in  such  houses  mortality 
rates  are  higher,  by  comparing  the  death-rates  in 
Salford  (26-1  per  1,000),  where  there  were  no  back-to- 
back  houses,  with  the  death-rates  where  18  per  cent, 
of  the  houses  were  of  this  character  (29-1  per  1,000), 
and  where  50  per  cent,  were  of  this  chai^acter  (37-3 
per  1,000).    Many  similar  returns  have  been  made. 
Darra  Mair,  who  in  1910  carried  out  one  of  the 
most  complete  inquiries  of  this  kind,  found  that 
the    corrected   average  annual  death-rate  from  all 
causes  (1898-1907)  in  thirteen  selected  and  compar- 
able towns  was  greater  in  back-to-back  houses  than 
m  through  houses  by  15  per  cent.    Mortality  from 
phthisis  showed  an  excess  amounting  to  12  per  cent, 
m  back-to-back  houses  built  in  rows,  but  not  in 
such  houses  built  to  admit  of  side  ventilation.  The 
excess  of  mortality  from  all  causes  occurred  chiefly 
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in  cluldroii  and  in  persons  of  65  years  of  age  or  up- 
wards. '■ 

The  L.G.B.  do  not  now  sanction  bye-laws  that 
permit  of  the  erection  of  back-to-back  houses,  which 
are  also  prohibited  under  the  Housing  and  Town 
Planning  Act,  1900. 

The  interior  of  a  house  will  of  course  be  arranged 
according  to  the  taste  and  circumstances  of  the  owner. 
Walls  may  suitably  be  rendered  in  plaster  (lime 
mortar,  or  cement  mortar)  and  finished  by  lime- wash- 
ing, as  in  outbuildings,  whitewashing  with  "  whiting  " 
(chalk,  size,  and  alum),  distempering,  painting  in 
oils,  or  papering.  Painting  of  wood,  ironwork,  etc., 
has  many  advantages,  and  tends  to  cleanliness  and 
preservation.  It  may  frequently  be  washed.  New 
papers  should  not  be  pasted  over  old  ones,  as  this  leads 
to  filth,  and,  in  tenement  houses,  to  verminous  con- 
ditions. The  wall  should  be  "  stripped  "  and  cleansed, 
and,  if  necessary,  rendered  with  size  before  the  new 
paper  is  put  on. 

New  houses  are  constructed  under  the  supervision 
of  the  S.A.,  and  in  accordance  with  bye-laws  pre- 
scribing all  details  necessary  for  sanitary  purposes. 
Old  houses  are  very  often  wanting  in  many  points 
now  regarded  as  essential  for  the  health  of  the 
inmates,  and  it  becomes  a  matter  of  considerable 
difficulty  to  decide  how  far  it  is  practicable  to  enforce 
modern  requirements  in  such  houses.  If  the  defects 
are  such  as  to  be  prejudicial  to  the  health  of  the 
inhabitants,  it  is  the  duty  of  the  S.A.  to  require 
the  necessary  repairs  or  alterations  to  be  carried  out, 
and  it  is  incumbent  upon  the  M.O.H.  and  Inspector 
of  Nuisances  to  bring  such  cases  to  the  notice  of 
the  Authority  for  that  purpose.  Very  often  it  is 
not  possible  to  effect  such  alterations  as  would  be 
considered  satisfactory  in  new  premises,  and  a  certain 
degree  of  latitude  has  to  be  allowed.    No  hard -and- 
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fast  line  can  be  drawn  between  that  which  is  essential 
and  that  which  is  desirable,  and  a  similar  difficulty 
frequently  arises  in  deciding  whether  a  house  is  or  is 
not  fit  for  habitation.  Sometimes  the  question  is  only 
one  of  degree,  in  matters  regarding  which  fixed  stan- 
dards are  impossible.  Several  causes  may  combine  to 
render  a  house  unhealthy. 

Water-supply  to  lioiises.— The  Public  Health 
Act,  1875,  and  the  Public  Health  (Water)  Act,  1878, 
give  powers  to  the  S.A.  to  enforce  supply  of  water  to 
individual  houses,  groups  of  houses  and  villages. 

Under  the  1875  Act,  the  S.A.  can  only  insist  on 
a  supply  to  a  house  if  the  cost  does  not  exceed  the 
water  rate  authorized  by  any  local  Act  in  force  in 
the  disti'ict,  or  2d.  per  week,  or  such  other  cost  as  the 
L.G.B.  may,  on  the  application  of  the  S.  A.,  determine 
to  be  reasonable. 

The  Public  Health  (Water)  Act,  1878,  makes  it 
the  duty  of  a  Rural  S.A.  to  see  that  every  occupied 
dwelling-house  in  their  district  "  has  within  reason- 
able distance  an  available  supply  of  wholesome 
water,"  but,  unfortunately,  the  interpretation  of 
"reasonable  distance"  and  "an  available  supply" 
has  in  the  past  often  been  so  liberal  that  the  Act  has 
been  largely  inoperative. 

The  Metropolis  Water  Act,  1871,  gave  j^ower  to 
the  Board  of  Trade  to  make  regulations  controlling 
the  supply  to  houses  by  water  companies.  The 
Public  Health  (London)  Act,  1891  (s.  48),  states  that 
a  dwelling-house  shall  be  deemed  unfit  for  human 
habitation  if  it  is  without  a  proper  and  sufficient 
supply  of  water.  New  houses  in  London  have  to  be 
certified  in  this  respect. 

Ventilation.— One  of  the  most  important 
matters  m  connexion  with  buildings,  particularly 
dwelling-houses,  is  ventilation.  Taking  the  average 
frequency  of  respiration  as  16  per  minute,  and  the 
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averago  volume  of  each  breath  as  30  cubic  inches,  the 
voluine  of  air  expinul  is  about  17  cubic  feet  per  hour, 
and  if  it  were  possible  to  carry  this  immediately 
away  (as  is  done  in  the  case  of  divers)  a  fresh-air 
sujjply  of  17  cubic  feet  per  hour  would  suffice.  In 
practice,  the  expired  air  cannot  be  prevented  from 
mixing  with  the  rest,  and  we  have  to  determine  how 
much  fresh  air  is  needed  to  dilute  down  the  respira- 
tory impurities  to  a  permissil)le  point,  assuming  that 
the  whole  of  the  air  in  the  room  is  equally  con- 
taminated. 

When  the  carbonic  acid  in  the  air  of  a  room 
exceeds  0-6  volume  per  1,000,  the  air  begins  to  be  per- 
ceptibly "  close"  to  a  perso7i  entering  from  the  open  air, 
and  it  is  usual  to  adopt  this  as  a  standard  of  purity, 
and  to  aim  at  introducing  a  sufficient  supply  of  fresh 
air  to  keep  the  carbonic  acid  at  or  below  this  point. 

A  thousand  cubic  feet  of  fresh  air,  containing  0"4 
cubic  foot  of  carbonic  acid  {see  p.  2),  can  therefore 
take  up  0"2  cubic  foot  more  without  exceeding  the 
limit  of  0-6.  As  already  stated  (p.  9),  an  average 
man  gives  off  0"6  cubic  foot  of  carbonic  acid  per  hour, 
0 "  6 

so  that        X  1,000,  or  3,000  cubic  feet  of  fresh  air 

per  hour,  are  needed  to  maintain  the  standard  of 
purity.  If  other  values  be  adopted  for  any  of  the 
preliminary  data,  the  volume  of  fresh  air  needed  will 
be  proportionately  modified.    In  general  terms,  if 

A  =  No.  of  c.f.  of  COo  in  1,000  c.f.  of  fresh  air  =  0-4, 
C  =  proposed  max.  limit  of  CO2  in  the  air  of  the  room, 
E,  =  No.  of  c.f.  of  COo  given  off  per  head  per  hour  =  0-6, 
F  =  volume  of  fresh  air  required  per  head  per  hour  to  main- 
tain the  standard  C, 

Ex  1,000        ,  ,  .  , 

Then  F   =  -  7^  r-,   and  for  n  persons  the  required 

\j  —  A 

«x  R  X  1.000      V  X  600 
volume  becomes   j-^  7-^  ,  or  -p^  jr— . 


vij  VENTILATION  193 

Example  1.— What  hourly  supply  of  fresh  air  is  needed  for  a 
hall  containing  100  persons,  in  order  that  the  air  of  the 
hall  may  not  contain  more  than  0-7  part  of  carbonic 
acid  per  1,000  volumes  of  air? 

100  X  600 

Answer:  =  200,000  cubic  feet. 

Example  2.— If  12,000  cubic  feet  of  fresh  air  per  hour  are 
supplied  to  a  room  containing  1 0  persons,  what  proportion 
of  carbonic  acid  will  be  found  in  the  air  of  the  room  ? 

i  he  formula  F  z=   ^  ^becomes 

12,000  = 

0-0-4 

Hence  C  =  0-9  per  1,000  cubic  feet. 

It  IS  of  course  assumed  that  an  equal  volume  of 
impure  air  is  removed  to  make  way  for  the  fresh  air. 

Carnelley,  Haldane,  and  Anderson  found  that  tlie 
determination  of  carbonic  acid  alone  is  not  a  satis- 
factory measure  of  the  impurity  of  the  air  in  other 
respects.  There  is  no  definite  connexion  between  the 
number  of  microbes  and  the  amount  of  COo,  but  in 
general  a  high  proportion  of  CO,  is  accompanied  by  a 
high  proportion  of  organic  matter.  Nor  does  it,  of 
course,  include  other  impurities,  such  as  sulphur'.* 

As  gas  forms  in  burning  about  half  its  volume  of 
COo,  the  products  of  combustion  (on  a  standard  of 
20  gr.  of  sulphur  per  100  cubic  feet)  would  contain 
less  than  0-5  gr.  of  sulphur  to  500  litres  of  CO,  If 
the  sulphur  were  oxidized  to  SO^  this  would  corre- 
spond to  about  one  volume  of  SOo"  to  1,500  volumes 
of  COo,  which  would  not  produce  any  perceptible 
effect  in  the  atmosphere  of  a  room.  The  sulphur  con- 
tained in  crude  unpurified  lighting  gas  is  present 
chiefly  as  H^S,  about  one-tenth  being  present  in  other 

*  The  Englisli  gas  companies  are  usually  legally  reciuiied  to  sunnlv  „ac. 

provincial  towns  as  much  as  30  gr.  is  allowed  waiter.    In  some 
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forms  (as  CS^,).  Gas  which  is  purified  from  carhon 
bisulphide  is  greatly  superior  fi-om  a  liygienic  stand- 
point to  gas  whicli  is  only  purified  from  sulphui-etted 
hydrogen. 

As  regards  the  more  specific  diseases,  tlie  injurious 
efTects  of  deficient  ventilation  an;  obvious.  Crowding 
in  a  common  atmosphere  has  long  been  known  to  be 
disastrous  in  typhus  and  erysii)elas,  and  more  recent 
experience  has  established  this  in  respect  of  di])htheria, 
influenza  and  other  maladies,  both  as  regards  trans- 
mission of  infection  and  intensification  of  type,  and 
retardation  of  recovery.  Ventilation  has  greatly 
lessened  phthisis  in  liarracks  and  other  institution.s, 
and  with  cleanliness  it  has  banished  typhus  from 
prisons,  and  hospital  gangrene  and  erysii)elas  from 
hospitals.  The  success  of  the  open-air  treatment  in 
camp  hospitals  and  in  sanatoria  for  phthisis  has  the 
same  significance.  It  is  evident  that  all  diseases 
in  which  the  breath  is  infectious  must  necessarily  be 
more  readily  transmissible  when  the  expired  air  is 
rebreathed  in  a  concentrated  form. 

Apart  from  this,  there  is  abundant  evidence  of  the 
gain  in  comfort,  general  health  and  longevity  under 
conditions  of  adequate  fresh-air  siipply,  and  conver.se]y 
of  higher  death-rates  (general,  and  from  bronchitis  and 
other  non-specific  causes),  impaired  health,  anaemia, 
headache,  and  depression  among  those  whose  lives 
are  largely  spent  in  ill-ventilated  rooms.  Some  of 
these  effects  are  felt  at  once  by  susceptible  persons 
on  entering  a  room  in  which  others  work  without 
discomfort,  but  the  precise  relation  between  them  and 
the  several  physical  conditions  which  impurity  of  air 
connotes  is  not  clear.  Experiments  have  been  made, 
with  conflicting  results,  by  removing  one  or  other  of 
these  conditions  while  leaving  the  rest  to  increase  in 
a  degree  far  beyond  that  met  with  in  practice.  Thus, 
in   experiments   by  Haldane   and    Lorrain  Smith, 
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carbonic  acid  alone  did  not  appear  to  disturb 
respiration  until  it  had  risen  to  about  300  parts  per 
10,000  ;  nor  did  diminution  of  oxygen  do  so  until  the 
proportion  had  fallen  from  21  to  12  per  cent,  of 
the  air.  ^  But  if  COo  be  removed,  the  accumulation 
of  organic  matter,  which  is  usually  regarded  as  the 
most  harmful  factor,  seems  to  produce  little  effect. 
Humidity  alone  cannot  be  held  responsible,  for  it  may 
approach  saturation  even  in  the  open  air.  Haldane  is 
inclined  to  attach  some  importance  to  the  depressino- 
luHuence  of  the  smell  which  accompanies  want  of 
ventilation. 

There  is,  however,  no  doubt  as  to  their  com- 
buied  effect,  and  it  must  be  remembered  that  experi- 
mental conditions  do  not  attempt  to  imitate  those  of 
dady  life,  in  duration  or  in  attendant  circumstances 
such  as  exercise.  The  one  is  rather  a  question  of  acute 
poisomng,  the  other  of  chronic  poisoning.. 

Ai r-space — With  ordinary  a]jpliances,  and  under 
Uie  average  atmospheric  conditions  of  tlie  climate  of 
England,  the  air  of  a  room  cannot  be  changed  more 
than  about  three  times  per  hour  without  causing  an 
inconvenient  amount  of  draught.    Hence,  in  ord?r  to 
supply  3,000  cubic  feet  of  fresh  air  ]^er  hour,  we  should 
have  an  air-space  for  each  person  of  at  least  1,000  cubic 
feet.    In  calculating  this,  only  the  available  air-space 
should  be  taken  into  account,  deduction  bein-  made 
for  furniture  and  other  solid  objects.    It  must  be  re- 
membered, too  that  air  stagnates  in  nooks  and  corners, 
and  the  useful  part  of  the  air-space  is  that  in  which 
the  air  moves  freely.    For  these  and  other  reasons  it 
IS  more  difficult  to  provide  for  the  efficient  ventilation 
of  a  small  room  than  of  a  large  one,  the  air-space  per 
head  being  the  same  m  each  case;  but,  on  the  other 
hand,  the  transpiration  through  walls,  ceilings  and 
floors  ,s  relatively  greater  in  small  rooms,  owing  to 
their  higher  ratio  of  surface  to  air  contents  The 
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extent  iiucl  pi-actical  importance!  of  this  transpiration 
is  proved  not  only  l)y  CO,^  deterniinations  but  by  the 
experience  gained  in  sulphur  funiigation  where  the 
leakage  of  the  gas  is  rapid  and  demonstrable  in  si)ite 
of  every  precaution  to  prevent  its  escape  through 
openings. 

A  further  reservation  is  necessary.  Above  a 
certain  height  air-space  ceases  to  be  useful,  since  it 
does  not  assist  ventilation  ;  and  in  such  circumstances 
increase  in  heiglit  cannot  compensate  for  inadequacy 
in  length  and  breadth,  that  is,  floor-space.  There  niay 
be  overcrowding  and  even  suffocation  in  the  open  air. 
It  is  a  common  rule,  in  rooms  of  moderate  size,  to 
disregard  height  above  15  feet  in  calculating  air-space, 
but  the  limit  varies  with  the  floor  area.  In  the  special 
rules  for  certain  dangerous  processes  under  the  Factory 
Act,  the  requirement  of  at  least  400  cubic  feet  of  air- 
space per  head  is  coupled  with  a  condition  that  height 
above  14  feet  is  not  to  be  taken  into  account.  In 
hospitals  and  schools  there  is  a  standard  of  floor-space 
per  bed,  apart  from  mere  cubic  capacity. 


Average  Results  of  Analyses  of  Air  in  iSleei'ing  Rooms  be- 
tween 12.30  and  4.30  A.M.  {CarncUcy,  Haldaue,  and  Anderson.) 


Cubic  feet  per 
head. 

Tempera- 
ture 
(Fnbreuheit.) 

Carbonic 
acid  per 
1,000  vols. 

Organic 
matter  (vols, 
of  oxygen  re- 
quired per 
million  vols, 
of  air). 

Microbes 
per  litre. 

100-180  . 

55° 

1-15 

15-1 

80 

180-260  . 

54° 

1-07 

15-1 

49 

260-340  . 

53° 

1-03 

11-8 

32 

340-500  . 

57° 

0-92 

8-4 

42 

500-1,000. 

54° 

0-86 

5-6 

6 

1,000-2,500. 

53° 

0-67 

3-9 

9 

2,500-4,000  . 

57° 

0-79 

50 

13 

4 
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The  experiments  summarized  above  were  made  in 
Dundee.  They  tend  to  show  that  about  1,000  cubic 
feet  per  head  are  sufficient,  and,  indeed,  the  impurities 
Avere  somewliat  greater  when  very  large  space  was 
provided,  owing  probably  to  imperfect  ventilation. 

The  same  observers  compared  houses  of  one,  two, 
three,  and  four  rooms,  in  regard  to  impui'ity  of  air  and 
mortality  from  different  causes  among  the  inmates. 
They  found    that   the   smaller   the   tenement  the 
greater  was  the  impurity  of   the  air,  as  shown  by 
increase   of    carbonic    acid,  microbes,  and  organic 
matter.     The  death-rate  increased  in  like  manner, 
and  especially  among  children.  Comparing  one-roomed 
with  four-roomed  houses,  the  general  death-rate  was 
doubled,  and  the  death-rate  at  ages  below  five  years 
quadrupled.      The    increase  was   most  marked  in 
diarrhoea,  measles,  whooping  cough,  bronchitis,  and 
pneumonia.    The  same  general  conclusions  are  well 
illustrated  in  the  following  table  :  

FiNSBURY.    Death-Eates  (per  1,000  liviiio),  1905-6. 


Size  of 
tenements 
(number  of 
rooms). 

Census 
popu- 
lation, 
1901. 

1 

All  causes. 

i 

Principal 
zymotic 
diseases. 

Phthisis. 

Respira- 
tory disease 
(excluding 
phthisis). 

1905. 

1906. 

1905. 

1900. 

1905. 

1906. 

1906. 

1906 

One    . . 
Two  .. 

Three  .. 
Four  or  more 

14,516 
31,482 
21,280 
33,185 

32-7 
19-5 
12-3 
6-6 

39-0 
22-5 
14-8 
0-4 

3-4 
2-8 
1-8 
0-7 

G-4 
5-5 
2-6 
0-S 

3-5 
2-1 
1-3 

OS 

3-4 
2-3 
1-4 
0-9 

6-4 
5-2 
2^8 
1-4 

S-3 
4-8 
2-9 
1-2 

The  borough  * 

101,463j 

18-9 

20-7 

2-0 

3-7 

2-1 

2-3 

4-4 

4-0 

*  Including  institutional  deaths. 

The  actual  air-space  obtained  in  practice  frequentlv 
falls  very  far  short  of  1,000  cubic  feet  per  head 
evea  m  large  private  houses.    In  registered  common 
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Iod,!,nn,<^-]iou,se.s  ti.e  nunimuni  is  usually  300  cubic  feet 
per  Lead,  l)ut  varies  accordin,^'  to  the  regulations  of 
the  different  local  authorities,  and  in  working-class 
dwellings   it   is  frequently   much   less  still.  The 
London    Education   Committee    require   120  cubic 
feet  per  head   as  a  minimum  in   primary  schools 
(96  cubic  feet  in  infant  schools).    The  lowest  stan- 
dard expressly  sanctioned  by  law  is  that  for  canal- 
boats,  namely,  60  cubic  feet  per  head  for  adults, 
arid  40  for  children.     It  is  important  to   bear  in 
mmd  that  air-space  is  chiefly  valuable  as  making 
ventilation  possible  without  "  draught,"  and  not  as  I 
store  of  fresh  air.  The  foul  air  of  an  average  occupied 
bedroom  in  the  morning   is  a   proof  that  proper 
ventilation  has  not  been  provided,  whatever  the  mag- 
nitude of  the  cubic  space.     No  bedroom,  however 
large,  ever  contains  a  sufficient  supply  of  fresh  air 
for  the  night,  but  the  larger  the  room  the  more  readily 
can  efficient  ventilation  be  contrived.    A.  thousand 
cubic  feet  of  space  per  person  is  ample,  if  the  air  is 
changed  three  times  per  hour,  but  in  itself  a  thousand 
cubic  feet  of  air  is  a  sufficient  supply  for  one  person 
for  twenty  minutes  only,  if  the  GO,  is  to  be  kept 
down  to  0-6  per  1,000. 

The  objection  to  draught  is  largely  dependent  upon 
its  chilling  effect,  so  that  in  hot  weather,  or  when  the 
fresh  air  is  warmed  artificially,  the  air  of  a  room  may 
be  changed  more  rapidly  than  three  times  an  hour, 
and  in  that  case  a  somewhat  smaller  cubic  space  may 
be  sufficient. 

Although  the  carbonic  acid  of  expired  air  diff"ases 
readily,  the  organic  matter  is  less  volatile,  and 
hangs  about  in  invisible  clouds  unless  dissipated  by 
local  currents.  Hence  the  composition  of  air  in  an 
occupied  room  is  not  uniform,  even  at  the  same  level, 
though  for  practical  purposes  it  may  usually  be 
assumed  to  be  so.    In  a  large  room  occupied  by  many 
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persons  both  the  local  currents  and  the  foci  of  pollu- 
tion are  numerous,  so  that  the  composition  of  the 
air  is  much  more  uniform  than  in  a  small  room 
occupied  by  one  person.  If  from  any  cause  the 
air  passing  out  of  the  room  is  not  the  most  impure, 
the  remaining  air  will  be  found  to  exceed  the  theo- 
retical degree  of  impurity.  The  outlet  should  be  at 
or  near  the  liighest  point,  since  expired  air,  being- 
warm  and  moist,*  is  lighter  than  ordinary  air,  and 
ascends  at  fii'st  to  the  upper  part  of  the  room. 

The  fresh-air  inlets  should  be  arranged  as  far  as 
possible  so  as  to  avoid  draughts  impinging  upon  the 
occupants,  to  secure  difFusion  of  the  current,  and  to 
counteract  the  tendency  of  the  fresh  air  (if  cool)  to 
sink  to^  the  lowest  level.  This  may  be  effected  by 
giving  it  an  upward  direction  on  entering,  so  that 
before  descending  it  mixes  with  the  air  of  the  room. 

In  measuring  a  room  for  the  purpose  of  calculating 
the  air-space,  recesses  and  projections  may  be  taken 
separately,  and  then  added  to  or  deducted  from  the 
total.  A  similar  procedure  will  obviate  any  difficulty 
in  cases  where  the  ceiling  is  not  horizontal  throughout,  f 

The  ventilation  of  a  room  or  building  may  be 
'•'natural"  or  "artificial,"  the  latter  term  being 
applied  to  mechanical  means  for  extraction  or  pro- 

*  The  vapour  of  water  is  lighter  than  air.  Tiie  volumes  occupied  by  IS 
parts  by  weight  of  vvater  vapour,  32  of  oxygen,  and  2S  of  nitrogen,  are 
equal ;  tliese  proportions  being,  of  course,  those  of  their  respective 
molecular  weights.  ' 

t  Very  often  only  right  angles  are  met  with,  so  that  the  floor  area 
-  length  X  breadth,  and  the  cubic  capacity  =  area  x  height.  The 
practice"  °^  likely  to  occur  in 

Area  of  triangle  =  base  x  height  x  *.    (Euclid  T  41  ) 

Area  of  an  irregular  four-sided  figure.  Divide  into  two  triangles,  by 
'     A  vl  ?  opposite  angles.  Find  area  of  eacli  triangle,  and  add  together. 

Aiea  of  a  circle  =  (diameter)^  X  0-7854 

Area  of  a  .semicircle  =  (diameter)^  x  0-3927. 

Area  of  segment  of  circle  =  chord .  x  height  x  |  +  (ht^'Sht)-^ 

Area  of  an  ellipse  =  long  diameter  x  short  diameter  x  0-7S64 

Capacity  of  a  dome  =  area  of  base  x  height  x  a 

Capacity  of  a  cone  or  pyramid  =  area  of  base  x  height  x  i 
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pulsion  of  air,  au<]  (Ju,  former  to  all  otlior  forms  of 
ventilation. 

^aliir:.!  yoniiialioi.  is  .lependont  upon  wind 
(perllation  and  aspiration),  upon  diflusion  and  local 
currents  due  to  diirerences  Ixitw.Hu.  inte.'nal  and 
external  temi)eratur(,s,  and  still  more  upon  local 
currents  deterniined  by  artificial  heat,  as  in  cl.im- 
neys  or  ventilatin-  gas-lights,  although  these  last 
may  perhaps  more  propt^rly  be  considered  as  artificial 
means  of  ventilation.  In  short,  natural  ventilation 
IS  dependent  upon  diffusion  of  gases,  and  the  effects 
of  pressure  and  temperature  upon  them.    {See  j).  ■).) 

Air  finds  its  way  into  a  room  by  the  doors  and  windows, 
bowever  elose-fitting,  and  to  a  less  extent  throufrh  l.rick  or 
stone  walls  ceilinos  and  floors.    These  leakages  are  very  .small 
It  a  proper  fresh-au-  inlet  has  been  provided.  '  Such  inlets  may 
be  window  openings,  or  ventilating  fire-places  or  stoves,  or 
special  openings  (ventilators).    Windows  should  he  made  to 
open  at  top  and  bottom,  hut  it  is  desirable  to  have  in  addition 
some  means  of  admitting  air  at  all  seasons  without  draught 
Ibis  may  be  done  by  having  double  windows,  or  one  or  more 
aoLible  panes,  and  providing  an  opening  at  the  bottom  of  the 
outer  and  at  the  top  of  the  inner  one,  so  as  to  admit  fresh  air 
in  an  upward  current.    Louvred  panes  and  several  modifica- 
tions of  "hit-and-miss"  ventilators  are  also  available.  A 
simple  and  efl:ectual  device  (Hinckes-Bird's)  is  to  place  a  board 
beneath  the  lower  sash,  propping  it  up  and  filling  in  the  space 
below  while  providing  a  way  for  an  upward  indraught  between 
the  two  sashes.    Another  plan  is  for  the  upper  part  of  the 
window  to  open  in  hopper  fashion,  or  to  be  hinged  below  so  as 
to  fall  forward  and  admit  air  into  the  room  as  by  a  Sheringham 
valve.    The  Chaddock  window  is  a  useful  form  of  ventilatin"- 
window  for  institutions.  ° 
Ventilating  fire-places  have  an  air-chamber  at  the  back  of 
the  grate,  heated  by  the  fire.     Fresh  air  brought  by  a  pipe 
from  outside  is  warmed  in  the  hot  chamber,  and  then  passes 
into  the  room.     There  are  many  varieties,   among  which 
Galton  s  is  the  earliest  and  one  of  the  best.    Ventilating  stoves 
are  m  use,  the  fresh  air  entering  through  a  coiled  pipe  exposed 
to  the  heat  of  the  stove. 

Special  ventilators  (Fig.  18)  are  of  varied  types,  from  simple 
openings  through  the  wall  to  the  most  complex  arrangement. 
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Perforated  bricks  cause  littlo  draug'ht,  the  holes  being' 
eonital  with  the  wider  ends  inside,  so  that  the  air  stream 
slackens  as  it  passes  through  the  wall,  and  is  diffused  upon 
entering  the  room.  Sheringham's  ventilator  is  a  small 
vertical  flap  door  in  the  wall  near  the  ceiling,  balanced  by  a 
counterpoise  and  hinged  below  so  as  to  fall  forwards  towards 


Fig.  18.— Ventilators 

tlrlTeiJi^l  ''''''  ^^^^^^  ''^"'i  «o  that  the 

If  S  f  ^  ^""^^  upwards.  Tobin's  ventilator  con- 
he  floL'-   PI  "^'"t'  ^"^^  ^^o^e  from 

tie  room     VenfiL?"™  ^^^^^^^  "i^  ^^^^  tube  and  into 

xne  room.  Ventilating  cornices  are  made  consisting  of 
a  doub  e  channel  of  perforated  metal,  cold  f^esh  a,r  bein^ 
brought  :nto  the  room  by  the  lower  chale  and  visa  ed 
an;  bemg  received  into  the  upper  channel  and  can-fed  to  the 
ntt"tSe"aW  tr*^'"''  P^^^  ^«  to  carr^Tperfo^a  ed 
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hollow  perforated  u.otal  ],„a,n,  interrupted  by  a  diaphra'-rn 
at  the  centre  may  be  taken  across  the  n/o.n,  onl  balf  seivin'^,?^ 

the  wind.  McKinnell's  ventilator  conmntsof  akr^er  outer 
and  a  smaller  inner  tube,  carried  upwards  through  the  ceilin-- 
iresh  air  passes  in  between  the  tubes,  and  is  dispersed  on 
entering  the  room  by  a  horizontal  flan-e  upon  the  inn<..r  tube  • 
the  inner  tub(!,  which  is  equal  in  sectional  annate  the  inlet,  and 
projects  beyond  the  other  both  above  and  below,  carries  oft 
impure  air.  Another  device  is  a  vertical  shaft  divided  longi- 
tudinally into  two  or  four  separate  channels,  along  whfch 
currents  in  opposite  directions  will  always  establish  themseh  es 
Workrooms  may  be  ventilated  by  means  of  a  perforated  ceiliiK' 
ot  zinc  or  paper,  ovc.t  which  is  a  chamber  open  to  the  outer  air 
on  every  side.  An  open  tiled  roof,  or  one  not  underdrawn, 
allows  much  ventilation. 

Some  of  the  preceding  are  intended  to  act  as  inlets,  but  all 
are  liable  to  become  outlets.  Other  kinds  of  ventilators  are 
like  chimneys,  designed  as  outlets  only.  An  opening  mav  be 
made  from  the  room  into  the  chimney  near  the  ceiling,  reflux 
ot  smoke  being  prevented  by  a  number  of  little  valves  of  mica 
(Boyle  s  valves)  which,  in  the  absence  of  up-current,  close  bv 
their  own  weight,  owing  to  the  forward  tilt  of  the  latticed 
framework  to  which  they  are  attached.  Ventilating  g^s-lights 
are  made,  in  which  the  products  of  combuslion  are  collected  by 
means  of  a  bell  cover  or  glass  globe,  and  conveyed  away  by  a 
tube  ;  this  tube  can  be  surrounded  by  a  larger  one,  and  the 
heated  space  between  the  two  made  to  act  as  a  further  extrac- 
tion shaft.  A  similar  use  may  be  made  of  chimneys,  the  smoke 
being  contained  in  a  central  metal  tube,  leaving  a  heated  air- 
space all  around  it,  which  serves  for  extraction.  Or  outlet 
pipes  from  the  higher  part  of  the  room  may  be  carried  upwards 
for  some  distance  in  or  close  to  the  chimney  so  as  to  utilize  its 
heat  in  promoting  an  up-current.  Extraction  tubes  may,  of 
course,  be  carried  from  any  part  of  the  room,  with  or  without 
taking  advantage  of  these  various  convenient  sources  of  heat, 
and  they  may  be  provided  with  cowls. 

The  size  of  openings  required  for  the  efficient  ventilation  of 
an  occupied  room  under  average  conditions  is  about  48  square 
inches  pe?'  head,  namely,  24  ks  inlet  and  '24  as  outlet,  but, 
according  to  Parkes,  no  single  inlet  should  exceed  60  and  no 
outlet  144  square  inches. 


Supplies  of  fresh  air  should  be  taken  from  suitable 
points  free  from  risk  of  contamination,  and,  if  neces- 
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sary,  the  air  may  be  screened  through  metal  gratings, 
canvas,  cotton-wool,  etc.  It  may  be  washed  by  passing 
it  tlu-ougii  spray  or  a  film  of  water,  or  by  being  made  to 
impinge  upon  a  tray  containing  water,  and  it  may  be 
warmed  by  means  of  ventilating  fi,rep]aces  or  stoves, 
or  by  coils  of  hot-water  or  steam  tubes  at  the  inlet.  If 
warmed,  there  is  advantage  in  introducing  fresh  aii- 
at  or  near  the  floor  level ;  but  if  cold,  it  is  necessary 
to  avoid  draughts  which  might  impinge  upon  any 
person  in  the  room,  and  therefore  the  air  is  delivered 
at  a  higher  level  and  with  an  upward  direction. 

Outlets  should  be  as  near  the  chimney  as  possible  ; 
the  air  in  that  part  is  the  warmest,  as  well  as  the  most 
impure,  so  that  the  worst  air  is  removed  with  the 
maximum  velocity. 

Any  barometric  pressure  P  may  be  regarded  as  produced  by 
the  weight  of  a  column  of  air  of  uniform  density  and  of  heisht  H. 
_  Montgolfier's  Rule"  affirms  that  air  under  pressure  will  rush 
into  a  vacuum  with  a  velocity  equal  to  that  acquired  by  a  body 
tailing  from  the  corresponding  height  H,  which  velocity  may 
be  determined  by  the  formula  Y,  =  2ffU,  g  being  the  accelei- 
ation  due  to  gravity  (32-18  feet  per  second),  and  V  the  velocity 
required.  Ihus  under  standard  conditions  of  barometer  and 
thermometer  H  IS  about  5  miles,  or  26,400  feet,  so  that  V.  =  2 
X  6l-\^  X  26,400,  and  V  =  about  1,300  feet  per  second.  " 

It,  however    the  air  under  pressure  P  passes  not  into  a 
vacuum  but  into  space  containing  air  under  a  low  pressure  p 
unon  tTelV'''^""' 1  ^^^i^^'^ ^^e  velocity  being  dependen 

calculi  fhfr-'Tf  V^I''"  ^/"^  ^-    "  necessary  to 

calculate  the  height  h  of  a  uniform  column  of  air  (of  the  same 

s  andard  ot  dens.ty  as  was  adopted  in  determining  PI),  which 
would  give  the  pressure  p.  ''  ^^'''^^ 

The  formula  then  becomes  V.,  =  'lo  (ll-h)  and  in  this  fr.m-, 
It  IS  applicable  to  problems  of  ventilation  ^' 

For   example,   it    may   be   required   to    determine  the 
heoret.cal  velocity  of  up-draught  in  a  vertical*  flue  ^  feet  long- 
In  fir  7^1?;  '-^t  a  temperature  f  into  the 
Ive^nm  o..^     T?'  ^^'^P^^'^ture  T°.    An  inlet  for  cold  air  is 
presupposed.    The  column  of  heated  air  in  the  flue  may  be 
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regarded  us  balanced  against  an  equally  high  column  of  cold 
air  outside  in  a  sort  of  U-tubo  ;  and  as  yielding  to  the  greater 
weight  of  the  colder  and  less  rarolied  column,  and  the  (unequal) 
weights  of  these  two  coliunris  correspond  to  1'  and  p.  The 
haroinelric  pressure  at  the  level  of  tlie  toj)  of  the  Hue  may  be 
neglected,  since  it  aticcts  both  columns  alike.  Then,  taking 
the  density  of  the  outside  air  as  the  standard,  the  height  x  may 
be  put  for  II  in  the  formula,  and  it  only  remains  to  d(;termine 
the  hoiffht  of  the  heated  column  when  reduced  to  the  same 
standard  density.  Air  expands  with  heat  to  the  extent  of  -OOii 
of  its  volume  for  each  degree  Fahr.,*  and  hence  1  volume  at 
T"  becomes,  at  t°,  1  +  -002  (<-T),  so  that  the  column  of  hot  air 

of  height  X  at  1°  corresponds  to  a  height  x  x  ^  _^  .q^j2  _ 
at  the  standard  temperature  T.  This,  then,  is  the  value  of  A,  and 


=  'K''"'  ^  +  -002  (^-T)) 


Since  s]'^9  is  approximately  8-0,  the  formula  may  conveniently 
be  written 


V 


=  8^0:-- 


+  -002  {t-  T) 


If,  as  an  example,  the  external  and  inter aal  temperatures  are 
respectively  40°  F.  and  60°  F.,  and  the  height  of  the  flue  20 
feet. 


=  8  sjm-  - 


20 


+  -002  (60-40) 

Hence  th'i  theoretical  velocity  of  draught  is  7-1  feet  per  second, 
and  this  multiplied  by  the  sectional  area  of  the  flue  gives  the 
number  of  cubic  feet  discharged  per  second. 

The  theoretical  velocity  is  subject  to  correction  for  friction, 
which  varies  directly  as  the  length  of  the  tube  L  and  the 
square  of  the  velocity,  and  inversely  as  the  diameter  D,  that  is 

as         .    In  practice  an  allowance  of  \,  or  even  |,  has  to  be 

made  for  friction,  which  is  also  increased  by  angles  in  the 

course  of  the  flue.  .  ■    .  i 

The  following  formula  by  De  Ch-inmont  is  convenient  tor 
ascertaining  the  relation  between  the  size  of  the  opening  and 
the  hourly  deli%'ery  of  air  :— 

*  Strictly  speaking,  this  is  accurate  only  when  T  =  32'  F.,  but 
the  error  is  iinmaterial  for  the  present  purpose. 
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D  =  200  X  </)  X  y-002  X  X  x  (if  -  T), 
where  D  —  delivery  of  air,  in  cubic  feet  per  hour, 

<p  ~  the  sectional  area  of  the  tube,  or  of  the  inlet  or 

outlet,  in  square  inches, 
X  =  height  of  heated  column  of  air,  in  feet, 
t  and  T  =  the  internal  and  external  temperatures  re- 
spectively. 

Thus,  if  the  heated  column  be  20  feet  in  height,  the  internal 
and  external  temperatures  60''  F.  and  40°  F.,  and  the  required 
delivery  6,000  feet  per  hour,  the  formula  will  give  the  sectional 

area  neces.sary  : —   

6000  =  200  (?)  y-002  X  20  X  (60  —  40), 
(p  =  33"56  square  inches. 

The  linear  velocity  with  which  air  passes  through  an 
opening  may  also  be  determined  experimentally  by  an 
anemometer,  which  should  be  placed,  not  at  the  centre,  but 
about  f  of  the  diameter  from  the  side  of  the  opening,  so  as 
to  obtain  the  mean  velocity.  Very  delicate  anemometers  are 
made,  consisting  of  four  light  metal  vanes  mounted  obliquely 
upon  a  common  axis,  the  revolutions  of  which  ai-e  indicated 
automatically  upon  dials.  The  registering  apparatus  can  be 
thrown  in  or  out  of  gear  by  a  spring  catch  while  the  vanes  are 
revolving,  so  that  the  time  can  be  determined  accurately.  The 
linear  movement  observed  during  one  minute,  or  less,  is  readily 
converted  into  velocity  per  hour  or  second,  and  this,  multiplied 
by  the  sectional  area  of  the  opening,  gives  the  cubic  discharge. 

Artificial  ventilation  involves  either  propul- 
sion or  extraction  of  air,  the  establishment  of  a  plenum 
or  vacuum  in  the  room  to  be  ventilated.  In  the 
plenum  system  fresh  air,  which  if  necessary  can  be 
warmed,  washed,  or  screened,  is  propelled  into  the 
building.  Fresh  air  may  be  driven  into  a  room 
or  building  by  revolving  fans  or  other  motors ; 
vitiated  air  may  be  forced  out  or  extracted  by 
means  of  fans,  steam  jets,  a  heated  outlet  shaft,  or 
steam  or  hot-water  coils  in  or  near  extraction  flues. 
The  fans  used  for  the  purpose  have  vanes  set  obliquely 
upon  a  rapidly  revolving  axis,  and  work  in  a  closed 
box  or  tube  so  as  to  propel  a  constant  current  of  air 
of  any  required  volume  and  velocity,  somewhat  after 
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the  manner  of  an  Arohiinodean  screw.  Hteam  allowed 
to  escape  in  a  ])oworfu]  jet  into  a  fiue  is  capable  of 
carrying  with  it  200  times  its  own  volume  of  air.  Gas 
burnt  at  the  foot  of  an  extraction  shaft  may  be  made 
to  carry  oli  a  thousand  times  its  own  volume  of  air. 

Heat  is  by  far  the  most  generally  em{)]oy(!d 
extracting  power  in  the  vacuuvi  system.  Ordinary 
fire-places,  chimneys,  and  ventilatii)g  gas-lights  act 
in  this  way.  Special  extraction  shafts,  with  gas 
jets  or  furnaces  at  the  bottom,  are  common. 
Mines  are  ventilated  by  means  of  a  furnace  at 
the  foot  of  the  upcast  shaft,  air  being  drawn  down 
another  shaft  and  made  to  traverse  the  whole  of  the 
woi-kings  on  its  way  to  the  upcast.  A  similar  plan 
is  adopted  in  steamers,  the  upcast  being  a  space 
around  the  funnel  and  boilers,  a  contrivance  which 
has  been  applied  also  to  house  chimneys  by  confining 
the  smoke,  etc.,  to  an  iron  tube  passing  up  in  the 
centre  of  the  chimney  shaft.  Extraction  is  necessary 
where  dust  and  fumes  have  to  be  drawn  away  at  the 
point  of  oiigin,  but  is  attended  with  some  disadvantage 
from  the  difficulty  of  controlling  the  sources  from 
which  the  supplies  of  fresh  air  are  drawn,  since  it 
rushes  in  through  all  available  openings.  Provision 
may,  however,  be  made  at  suitable  points  for  free 
admission  of  pure  air,  which  may  be  warmed,  cooled, 
moistened,  washed,  or  screened  as  it  enters.  When 
propulsion  is  adopted,  the  air  is  taken  from  one 
source  only,  and,  being  more  under  control,  is  more 
readily  subjected  to  such  heating  or  other  treatment 
as  may  be  needed.  (For  factoi-y  ventilation,  see  p.  650.) 

The  advantages  of  artificial  ventilation  are  its 
constancy  under  all  conditions  and  the  facilities  which 
it  aftbrds  for  regulating  the  source  and  amount  of 
fresh  air,  and  the  preparatory  treatment  as  to  tem- 
perature, moisture,  and  purification.  Natural  venti- 
lation is,  of  course,  less  costly,  but  is  inconveniently 
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subject  to  atmosplieric  conditions,  and  is  inadequate 
for  theatres,  factories,  and  other  large  buildings.  It  is 
insufficient  in  the  tropics.  The  following  averages 
are  based  upon  a  number  of  observations  (18  to  39) 
in  schools  by  Carnelley,  Haldane,  and  Anderson. 


AVKRAOES  OK  NATURAL  AND  MECHANICAL  VENTILATION  IN  SCHOOLS. 


Natni-al 

Meclianical 

ventilation. 

ventilation. 

Per  cent,  of  windows  open 

22 

3 

Cubii;  feet  of  air  space,  per  head 

168 

164 

55-0"  F. 

62"  F. 

Carbonic  acid  (per  1,000  vols.) 

18-6 

12-3 

Organic  matter  (vols,  of  oxygen  i-e- 

quired  jier  million  vols,  of  air) 

lG-2 

10-1 

The  difference  is  still  more  striking  if  only  the 
excess  over  the  impurities  present  in  outside  air  is 
taken  into  considei-ation.  It  was  found  that  mechanical 
ventilation  kept  the  composition  of  the  air  fairly  con- 
stant in  all  parts  of  the  room,  while  natural  ventilation 
often  allowed  of  local  stagnation. 

In  an  ordinary  room  the  chimney  is  the  most 
important  outlet  when  a  fire  is  burning,  air  passing  up 
with  an  average  velocity  of  4  or  5  feet  per  second. 
In  the  absence  of  a  fire  the  chimney  still  acts  in  some 
degree  as  an  upcast,  and  ought  on  no  account  to  be 
closed,  unless  a  downward  current  establishes  itself 
temporarily,  and  causes  annoyance  by  its  sooty  smell. 

To  test  the  value  of  any  particular  scheme  of  ven- 
tilation it  is  necessary  to  consider  {a)  the  cubic 
capacity  of  the  room  to  be  ventilated,  and  the  num- 
ber of  occupants  for  whom  fresh  air  is  to  be  provided 
on  a  scale  of  3,000  cubic  feet  per  head  per  hour 
(2,000_2,500  for  children) ;  (6)  the  possibilities  of 
pollution  or  exhaustion  of  the  contained  air  by 
gas  burners,  etc.  ;  (c)  the  efficiency  of  the  means 
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provided,  whether  natural  or  artificial  (inlets,  out- 
lets, velocity  of  air,  its  temperature,  etc.),  and  the 
degi-ee  in  which  the  means  are  eliectively  main- 
tained ;  and  (d)  the  application  of  physical,  chemical, 
and  bacteriological  tests  to  the  contained  air  (watery 
vapour,  tomperaturi!,  COj,  hacteria,  etc.). 

Wsii'iiiiii;;'  is  clo.sely  connected  with  ventilation. 
The  principal  methods  in  use  may  be  classed  as  open 
fires,  gas  fires  and  stoves,  hot  aii-,  and  pipes  con- 
taining hot  water  or  steam.  Some  of  these  heat  the 
room  by  radiation,  warming  the  surfaces  while  leaving 
the  air  in  it  cool ;  some  by  convection,  warming  the 
air  of  the  room  and  thus  making  it  drier  ;  some  in 
both  ways.  Again,  some  (e.g.  open  fires)  carry  off 
large  volumes  of  air  besides  their  own  products  of 
combustion  ;  some  (e.g.  gas  or  other  stoves)  only 
little  ;  some  (hot  pipes)  none  at  all ;  while  others,  and 
especially  fender  stoves,  do  not  ventilate  but  add  to 
the  impurity  of  the  air. 

(a)  Ordinary  open  fires  are  extravagant  in  regard 
to  fuel,  and  it  is  estimated  that  only  about  one-eighth 
part  of  the  potential  heat  is  utilized  in  warming  the 
room,  the  rest  beinof  lost  in  unconsumed  smoke  and 
cinder,  and  in  the  hot  gases  passing  up  the  chimney. 
The  heating  effect  is  very  unequal  in  different  parts  of 
the  room,  being  chiefly  confined  to  the  vicinity  of  the 
grate,  and  cold  currents  pass  along  the  floor.  They 
are,  however,  most  effective  ventilators,  and  present  a 
more  cheerful  appearance  than  stoves  or  hot  pipes. 

The  principal  practical  points  in  regard  to  the 
construction  of  open  fire  grates  are  summarized 
by  Teale  as  follows  :  (1)  Use  as  much  firebrick  and 
as  little  iron  as  possible  ;  (2)  the  back  and  sides 
should  be  made  of  firebrick  ;  (3)  the  back  of  the  fire- 
place should  lean  over  the  fire,  the  "throat"  of  the 
chimney  should  be  contracted  ;  (4)  the  bottom  of  the 
tire  should  be  deep  from  before  back  ;  (5)  the  slits  in 
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the  bottom  grating  should  be  narrow;  (6)  the  bars  in 
front  should  be  narrow  ;  (7)  the  space  beneath  the 
fire   should  be  closed   in   front  by  a  close-fitting 
iron  shield,  or  "economizer,"  thus  excluding  cold  air 
almost  completely  from  the  bottom  of  the  fire,  so  that 
the  fuel  as  it  sinks  is  entirely  burnt  up,  leaving 
only  a  fine  ash,  which  drops  into  the  sj)ace  beneath. 
Another  means  of  preventing  waste  of  fuel  is  to 
make  the  bottom  of  the  grate  of  solid  fire-clay,  as 
in  the  various  "  slow  combustion  "  grates  ;  and  the  same 
principle  may  be  applied  to  ordinary  grates  by  laying 
an  iron  plate  upon  the  bars  at  the  bottom  of  the 
grate. 

Coke  is  the  residue,  consisting  almost  entirely 
of  carbon  and  mineral  ash,  left  in  the  retorts  when 
all  the  combustible  gases  have  been  driven  off  by 
heat  in  the  process  of  gas-making.  It  is  smokeless 
and  less  costly  than  coal,  but  it  is  difficult  to  light, 
and  makes  a  dull  fire.  The  prevention  of  smoke,  and 
the  complete  utilization  of  the  gases  and  other  products 
obtainable  from  coal  by  distillation,  are  important 
public  advantages. 

(b)  Gas  fires  have  much  of  the  bright  and  attractive 
appearance  of  open  fires.  The  gas  is  mingled  with  a  con- 
siderable volume  of  air  before  ignition,  as  in  a  Bunsen 
burner,  and  the  intensely  hot  but  non-luminous  flame 
impinges  upon  pieces  of  asbestos  or  iron,  which  become 
red  or  white-hot,  giving  out  light  and  heat.  Simpler 
forms  are  also  made  with  ordinary  luminous  burners, 
the  light  and  heat  from  which  are  thrown  forward  by 
metal  reflectors;  oil-stoves  are  made  on  the  same 
prmciple.  In  any  case  an  adequate  flue  to  carry  oflF 
the  fumes  is  essential.*  A  gas-fire  burns  from  ten  to 
twenty,  or  more,  cubic  feet  per  hour.    It  is  economical 

*  The  consumption  of  gas  is  relatively  large  and  not  limited  to  hours 
g  V  n  S"-Thp'.'n''f         sulphur  acids  andlraces  of  carbonic  oxide  a  ^ 


210 


BUILDJNGS 


[chap. 


and  cl(!;uily  in  use,  creates  no  smoke,  and  can  be 
li^liUid,  extinguished,  or  regulated  in  a  moment. 
Ventilating  gas-stoves  are  made,  but  tlie  ordinary 
gas-Hre,  unless  it  be  composed  of  incandescent  frag- 
ments of  asbestos  in  an  open  grate,  is  less  effectual 
than  an  open  lire  in  promotiiig  ventilation.  If  the  flue 
is  too  small,  as  is  very  often  the  case,  the  air  becomes 
dry  and  oppressive,  and  there  is  risk  of  carbonic 
oxide  escaping. 

(c)  Stoves  for  coal  and  coke,  as  used  in  England, 
are  commonly  made  of  cast  iron,  the  smoke  and 
products  of  combustion  being  conducted  by  an  iron 
ffue  to  the  chimney,  or  to  the  outside  air.  The 
Are  may  be  more  or  less  open,  or  hidden  from  sight, 
but  in  any  case  the  waste  of  heat  is  less  than  in 
ordinary  fire-places,  the  sides  of  the  stove  and  also  the 
flue  contributing  to  the  heating  power.  As  a  means 
of  extraction  of  vitiated  air  a  stove  is  inferior  to  the 
ordinary  open  fire,  although  there  is  no  difficulty 
in  utilizing  the  hot  flue  for  the  purpose  of  pro- 
ducing an  up-current  in  a  chimney.  There  are  also 
many  forms  of  ventilating  stoves,  fresh  air  being 
brought  in  through  special  pipes,  which  in  their 
course  are  exposed  to  the  heat  of  the  stove ;  in  the 
"  Calorigen "  a  coil  of  the  fresh  air  inlet  pipe  is 
placed  inside  the  stove.  Stoves  tend  to  make  the 
air  hot  and  dry,  an  objection  which  may  be  met  by 
placing  vessels  of  water  upon  them.  A  more  serious 
difficulty  is  a  burnt  smell  which  is  apt  to  result  from 
their  use,  and  a  tendency  to  give  off  carbonic  oxide, 
the  source  of  which  is  a  matter  of  some  doubt.  It 
has  been  attributed  to  oxidation  of  the  organic  matter 
in  the  air  by  contact  with  the  heated  iron,  this  being 
also  assigned  as  the  cause  of  the  burnt  smell.  Oxida- 
tion of  the  carbon  in  the  cast  iron  is  another  suggested 
explanation,  and  it  has  been  found  experimentally 
that  red-hot  cast  iron  is  pervious  to  carbonic  oxide. 
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and  evea  reduces  carbonic  acid  to  carbonic  oxide,  so 
that  tlie  gas  found  in  the  room  may  originate  in  the 
lire  itself.    Wrought  iron  offers  far  greater  resistance. 
The  joints,  both  of  the  stove  and  the  flue,  should  be 
made  strong  and  air-tight,  and,  in  order  to  minimize 
the  risk  of  giving  off  carbonic  oxide,  it  is  desirable  to 
line  the  stove  with  lire-clay,  to  coat  it  with  silicate, 
or  to  use  earthenware  or  wrought  iron  in  place  of 
cast  iron.     Stoves  can  only  be  approved  from  a 
sanitary  point  of  view  if  they  (a)  are  provided  with 
proper  chimneys  ;  (b)  are  of  such  a  pattern  that  they 
cannot  become  red  hot,  or  otherwise  contaminate  the 
air;  and  (c)  are  supplied  with  fresh  air  directly  from 
the  outside. 

(V/)  Hot  air  is  advocated  by  some  authorities  as 
the  best  mode  of  \varming  houses,  as  well  as  public 
buildings.    This  may  be  done  upon  the  large  scale  by 
warming  the  fresh  air  in  the  basement,  and  conveying 
it  thence  to  all  parts  of  the  house  along  the  passages 
or  by  special  channels.    The  same  end  is  attained ''in 
some  degree  by  placing  a  stove  or  fire-place  in  the  hall. 
Warm  air  may  be  supplied  to  single  rooms  by  the 
ventilating  grates  or  stoves  already  referred  to,  or  by 
allowing  the  fresh  air  to  enter  through  a  coil  of  hot 
pipes.     The  air  can  be  moistened  and,  if  need  be, 
purified  by  filtration  or  washing. 

(e)  Warming  can  also  be  effected  by  means  of 
hot  water  or  steam  circulating  in  a  system  of 
closed   pipes.     The    pipes    may  ,  be   carried  round 
one  or  more  sides  of  a  room,  near  the  floor,  either 
open  or  concealed  behind  a  skirting-board.  Several 
turns  or  coils  may  be  used  at  points  where  more 
heating  power  is  required,  and  it  is  convenient  to 
warm  the  fresh  air  at  the  inlets  by  the  same  means 
Mot  water  is  usually  employed  for  heating  pur- 
poses at  a  temperature  below  212^  F.  (180^-200'^) 
The  circulation  is  dependent  upon  the  water  beino-" 
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hotter,  uiid  therefore  lighter,  in  th(;  tube  tlirough 
which  it  leaves  the  boiler  than  in  tliat  which  brings 
it  back.  Hence  the  boiler  is  placed  at  the  lowest 
point,  and  the  centrifugal  and  centripetal  pipes  are 
respectiv(!ly  connected  with  the  top  and  bottom  of  the 
boiler.  A  feeding  cistern,  and  vents  for  the  escape 
of  air  and  steam,  are  provided  at  the  highest  point. 
About  twelve  feet  of  four-inch  iron  pipe  are  allowed 
for  every  thousand  cubic  feet  of  air-space  to  be  warmed. 
The  system  should  be  so  planned  with  valves  and  con- 
necting pipes  as  to  allow  of  "  short-circuiting,"  so  that 
the  heat  may  be  turned  on  or  cut  off  from  any  part  at 
will.  Hot  water  may  also  be  used  under  pressure  at 
temperatures  considerably  exceeding  212°  F.  (300") 
on  Perkins'  system.  Strong  half-inch  iron  pipes  are 
used,  and,  instead  of  a  boiler,  part  of  the  pipe  is  carried 
through  the  fire.  Steam  coils  may  be  used  at  high  or 
low  pressure  in  like  manner.  The  systems  which 
may  be  recommended  for  heating  large  buildings  are  : 
(a)  low  pressure  hot  water  with  separate  boiler,  and 
with  or  without  ventilating  radiators,  for  churches, 
schools,  theatres,  cottage  hospitals ;  (6)  hot  water 
forced  circulation,  for  hospitals,  workhouses,  asylums, 
etc.  ;  and  (c)  indirect  and  plenum  systems  of  heating 
(with  ventilation)  in  prison  cells  and  other  places 
in  which  fires  and  stoves  would  be  unsuitable. 

Liig^liting'. — The  principal  iliuminants  now  in  use 
are  coal  gas,  oils,  and  electric  light.  Cannel-coal  gas 
is  more  illuminant  than  bituminous-coal  gas.  The 
chief  results  of  the  burning  of  coal  gas  are  an  increase 
in  CO2  and  watery  vapour,  raising  of  temperature, 
with  some  production  of  sulphurous  acid,  and  other 
constituent  bodies.  Each  cubic  foot  of  gas  pollutes 
the  atmosphere  to  the  same  degree  as  one  adult  person. 
The  best  form  of  gas  illumination  is  now  commonly 
obtained  by  the  use  of  a  Welsbach-mantle  burner. 
Oil-lamps  give  fair  results,  but  raise  the  temperature 
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and  give  qli'  COo  and  wateiy  vapouf.  Electric  light 
is  the  most  hygienic  form  of  iJluminatioii,  No 
oxygen  is  used  up,  no  COo  or  moisture  is  produced. 

inspection  oi  lioiises — The  following  sche- 
dule includes  the  principal  points  that  may  require 
attention.  The  headings  are  numerous,  but  are 
meant  to  be  chiefly  suggestive,  so  that  no  important 
detail  may  be  overlooked.  A  very  few  notes  will 
often  suffice  in  practice.  As  in  all  other  investiga- 
tions, it  is  wise  to  make  explicit  written  notes  on  the 
spot,  and  to  insert  negative  as  well  as  positive  results 
of  insjoection. 

Address. 
Occupier. 

Oivner. — Xame  and  address, 

Site.—Elevation,  aspect,  slope.  Proximity  to  hills,  valleys 
watercourses.    Nature  of  soil.    Dryness.  ' 

Sitrroiindinffs.— House  detached,  semi-detached,  in  a  row, 
back  to  back.  Access  of  light  and  air.  Obstruction  by 
trees,  high  grounds,  or  other  buildings.  Open  space  at 
front,  back,  sides  [stating  area].  Proximity  [statino- 
distance  in  feet]  of  stables,  cow-sheds,  pigstyes,  manure 
heaps,  foul  ditches,  stagnant  water,  offensive  accumula- 
tion, offensive  trades,  or  ether  sources  of  effluvia 

Yard  and  outbiiildinffs.—Condition  as  to  cleanliness,  pavino- 
drainage,  area,  closets,  workshops.  °' 

J^o»«^f«^io«s.— Damp-proof  course,  dry  area,  banking  of  soil 
against  walls.  Dryness  of  basement.  Exclusion  of 
ground  air.    Ventilation  of  space  beneath  ground  floor. 

Materials,  thickness.  Are  party  walls  carried  up  to 
root  ^  Dilapidations.  Evidence  of  damp  at  anA-  pjirt  • 
probable  source  of  such  damp.  .  i  > 

Jtoof. — Construction.  Soundness. 

Floors,  staircases,  ivindows,  doors,  ceilirigs.—^on-ndness 
Number  on  each  storey,  including  basement' 
Length,  breadth,  and  height.  \ 
Windows.  Total  window-space.  Space  made  to  ^ 

open,  and  whether  opening  top  and  bottom     I  ^^^'^ 
Other  means  of  ventilation.     Maintenance  of  |  ^^^^^* 
ventilation.    Chimney.  .  j 

oJ^  ^^  regards  sleeping-rooms  in  basement,  or  "  uncler.rronml  ronnis  " 
certain  furtl.er  detail,  are  necessary,  namely;  deptl.  ot  floolXlow  lev  "l  of 
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Jiath  wiisttis 
Liiviitory  vvastus 
Floor  KiiUius 


JLeatuu,  arrHn!/,menls.-{iv;iUt^,  «tov.;s,  flues.     H-.t  water  or 

steatn  system.     Hoilers,  Lath  ir.jysers. 
BraxiuKje — 

.Sink  wastes        ^  Construction  and  course  of  waste- 
pipes. 

l)(!seription  and  ellicieney  of  traps. 
Disi'oniKM'tion. 
Hoil-pii)es._    Construction,  diin(;nsions,  position,  course 
ventilation.  ' 
Gullies.    Construction  and  trapping, 
Gutters  around  eaves.  Efficiency. 

Eain-pipes.  Course,  trapping,  discoiuiection,  d<;stination. 
Leakage. 

House  drains.  Course,  construction,  dimensions,  gradi- 
ents, ventilation,  means  of  ai^cess  (inspection  chamber), 
disconnection  from  sewer  (interceptor).  Flushing, 
cleanliness.  Soundness,  as  tested  by  smokt;,  chemical 
test,  or  water.    Drains  under  basement. 

Cesspool  (if  any).— Position,  construction,  dimensions, 
ventilation,  overflow,  watertiglit. 
Saidtari/  conveniences.— ^nmhbv,  position,  cleanlines.s,  light- 
ing, ventilation.  If  outdoor,  note  distance  ivom 
nearest  door  or  window.  If  more  than  one  house 
using  same  closet,  note  the  number.  State  also 
number  of  occupHnta. 

"W.C.,  trough-closet,  slop-closet,  hand-flashed  closet. 
Kind  of  apparatus,  efficienc}^,  source  of  water-supply, 
sufficiency  of  flush. 

Pail-,  pan-,  tub-,  or  box-closet.  Size  of  receptacle, 
material,  floor-level,  means  of  access,  with  or  without 
ashes  or  other  admixture. 

Privy-midden,  privy  with  cesspit,  earth-closet.  Dimen- 
sions of  receptacle,  relation  of  floor  to  ground-level, 
materials,  watertight,  covered,  arrangement  for  apply- 
ing ashes  or  earth  to  excreta.   Connections  with  sewer. 
Sousehold  refuse. — Means  of  storage.  Position. 
Scavemjincj.  —Mode,  frequency,  and  efficiency  of  removal  of 
excreta  and  household  refuse.    By  whom  performed. 
Water  supply. — Public  or  private,  from  mains  (by  tap  or 
stand-pipe),  spring,  stream,  canal,  dip-trough,  well, 
rain-water  cistern ;  distance  from  house,  constancy, 

adjoining  street ;  height  of  room  ;  hei.dit  of  ceiling  above  footpath  or 
nearest  ground  adjoining;  width  depth,  and  lateral  extent  of  area  in 
front ;  depth  of  drain  below  Hoor  position  of  window  in  respect  to  .steps 
(if  any)  bridging  across  open  area ;  tlie  conditions  as  to  letting  and 
occupanc}'. 
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suflBciency,  purity.  Note  any  obvious  risk  of  pollu- 
tion. If  ivom  well,  note  depth,  construction,  lining, 
cover ;  distance  in  feet  of  nearest  possible  source  of 
pollution,  or  tilth  accumulation  of  any  kind.  If  from 
cistern,  note  position,  construction,  cover,  cleanliness, 
connection  with  W.C.,  discharge  of  overflow  pipe. 

Cleanliness  of  premises.— lAght.    Ventilation.  Cleanliness. 

Animals  kept. — Description.  Number.  Where  kept.  Nuis- 
ance resulting. 

Inmates. --^nmhev  of  residents.  Age,  sex,  occupation  of 
each.  _  Number  of  families ;  distinguishing  tenement 
occupied  by  each. 

Number  sleeping  in  each  room,  if  there  is  suspicion  of 
overcrowding.    Number  sleepiug  in  basement. 

Houses  vary  as  to  need  for  inspection  according 
to  class  and  kind.    Private  houses  occupied  by  one 
family  presumably  belong  to  persons  of  such  social 
position  and  habits  that  but  little  enforcement  of 
sanitation  is  required.    Houses  let  in  lodgings,  or 
tenement  houses,  on  the  contrary,  require  a  good  deal 
of  supervision.    Houses  of  this  nature  are  such  as  are 
let  out  to  separate  families,  living  each  in  a  sepa- 
rate occupancy  of  one  or  more  rooms.    There  is  no 
common  kitchen  or  common  dormitory.    Houses  let 
m  lodgings  are  usually  placed  under  special  bye-laws 
under  which  they  are  registered  and  controlled  in 
respect  of  occupancy,  overcrowding,  sanitation,  peri- 
odical cleansing,  etc.    Not  infrequently  these  houses 
were  built  for  use  as  private  dwellings,  and  have 
become  sublet  without  structural  alteration.  Under 
the  Customs  and  Inland  Revenue  Act  of  1890  the 
landlord  of    tenement   dwellings   let  at  rents  not 

in'wv/Tl  ■  ^V'./*^'^'  ^^^^  ^^emi^ted  from 
inhabited  house  duty  If  the  medical  officer  of  health 
ot  the  district  certifies  the  house  as  sanitarily  fit  for 
the  purposes  to  which  it  is  put.     By  that  Act,  and 

amount  of  control  is  exercised. 
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Cojiimon  lodging  houses  nu-,  ]od^\u<r  l,ous..s  pure 
and  sunplo,  with  living-room,  kitc]i(;n.  and  doni.itoi  v 
open  to  uso  by  all  the  lodgor.s,  who  are  not  n.e.nher.s 
ot  tlie  same  fannly,  ],ut  ar(i  isolated  pei-sons.  ihuUwr 
It  convenient  to  lodge  together.  Artisans'  dwellings'" 
such  as  those  under  tlie  Guinness  Trust,  the  Peal^ody 
inist,  etc.,  are  Mocks  of  "model"  dwelling.s,  not 
diHerent  m  i.rinciiih,  from,  l.ut  l^etter  in  equipment 
than,  houses  let  in  lodgings.  Stable  dwellings  are  tene- 
ments over  stables  in  "  mews."  They  are  objection- 
able, owing  to  the  occurrence  of  effluvia  arising  from 
stables,  manure,  etc.,  and  they  generally  have  other 
defects.  Underground  dwellings  are  tenements 
limited  to  basement  rooms,  the  ceiling  of  which  is  not 
higher  than  the  level  of  the  street. 


CHAPTER  VII 

SCHOOLS  AND  SCHOOL  HYGIENE 

BuOADLY  speaking,  school  buildings  are  of  two  types, 
(I)  that  in  which  tlie  class-rooms  are  grouped  more 
or  less  completely  around  an  assembly  or  "central 
hall,"  and  (2)  that  in  which  the  class-rooms  are  grouped 
around  a  corridor,  veranda,   or  quadrangle,  inde- 
pendently of  an  assembly  hall,  following  in  some 
degree  a^  "  pavilion  "  form  of  structure.     The  gene- 
ral principles  as  to  site,  surroundings,  construction, 
and  drainage  are,  of  course,  the  same  for  schools  as 
for  most  other  buildings.    The  cost  of  school  building 
has  much  increased  of  late  years  and  now  varies 
from  about  £10  to  £14  per  head  (at  5d.  per  foot 
cube),  including  10s.   to  12s.  per  head  for  furnish- 
ing and  equipment.    The  Committee  on  the  Cost 
of  School  Buildings  (1911)  reported  that  reduction 
in  expenditure  was  practicable  by  careful  attention 
to  small  savings  on  numerous  items.    The  buildincr 
methods  which  were  proposed  to  the  Committee,  iii 
addition  to  the  use  of  brick  and  stone,  were  the 
adoption  of  steel  frame  work  (with  curtain  walls 
hoi  ow  or  solid,  of  concrete,  brick  or  patent  material,' 
including    "frazzi"),   reinforced    brickwork,  ferro- 
concrete, brick  with  solid  9-in.  walls  or  thin  hollow 
walls,  timber  frame,  and  wooden  buildino-s 

DimensioHs—The  Board  of  Education  recom- 
mend that  no  school  should  ordinarily  be  built  to 
accommodate  more  than  1,000  to  1,200  children  in 
three  departments,  and  no  single  department  should 
accommoaate  more  than  400-600  children     For  de 
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pa.  mentso    Ins  s.xo  a  pl.n  for.n.Hy  adopted  was  tl.at 

will  '  ^^-^-^  «P^^'^  P«^>-  -S'^l'olar) 

w.tl.  alH.ut  7)  elass-roorns  grouped  round  it.  S.naller 
<l.>pa.-tn„.nts  may  I.ave  class-rooms  opening  from  a 
corridor  For  small  schools  a  large  ,-oom  with  one  or 
inore  class-rooms  will  be  sufficient.  There  should 
always  be  at  least  one  class-room,  in  addition  to  a 
large  schoolroom,  except  in  special  cases. 

_  Where  the  site  is  sufficiently  hirge,  open  and 
tairly  level,  the  most  economical  plan  is  that  of  a 
school  on  the  ground  fioor,  and  this  is  preferable  for 
educational  reasons.  In  any  case  a  scliool  building 
sJiould,  preferably,  not  be  on  more  tlian  two  floors 

For  older  scholars  the  Board  of  Education  i)re- 
scnbe  a  minimum  of  10  sq.  ft.  floor  space  per  scholar 
(Le  approximately  120-140  cub.  ft.  ;  in  army  schools 
lbO-200  cub.  ft.  is  allowed).  For  infants  9  sq.  ft, 
unless  there  is  no  corridor  or  central  hall,  in  winch 
case  more  than  9  sq.  ft.  is  required.  The  Board 
have  fixed  a  standard  for  higher  elementary  schools 
of  15  sq.  ft.  per  scholar  if  single  desks  be  used, 
and  12  sq.  ft.  for  dual  desks,  and  for  secondary 
and  "special  "  schools  18  sq.  ft. 

Special  claS!!>es.  For  handicraft  classes,  etc  —Where 
provision  is  made  for  the  teaching  of  cookery,  laundry  work 
handicraft  or  special  subjects,  the  Board  of  Education  have 
prescribed  conditions.  A  cookery  or  laundry  school  should 
accommodate  from  12  to  IS  pupils,  each  having  25  sq.  ft. 
of  floor  space.  Special  arrangements  must  be  made  for 
ventilation,  sinks,  ranges,  stoves,  etc.  The  temperature  should 
not  exceed  70°  F.  Class-rooms  for  handicraft  and  science  work 
should  have  30  to  35  sq.  ft.  of  floor  space  for  each  seholar. 
Such  schools  should  have  their  own  lavatory  and  cloakroom 
accommodation. 

For  bliud,  der/f,  a//d  d/fecdre  ehildrcn.—Schooh  for  afllicted 
children  should  not  be  held  in  the  same  building  unless 
structurally  separated.  The  superficial  area  of  the  site  should 
provide  not  less  than  30  sq.  ft.  per  child  of  open  space 
exclusive  of  buildings,  and  not  less  than  1-5  sq.  it.  of 
floor  space  in  the  class-rooms,  and  18  sq.  ft.  for  physically 
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suiKb'r.  "'"l^- ^'^""^'1        provided,  and 

mu^t  bt  niHdo  lor  easy  supervision.  In  residential  schools  500 
cub.  It.  per  child  should  be  provided  in  the  dorn.iturios. 

Lig-litiiig — Every  part  and  corner  of  a  school 
should  be  weH  lighted,  and,  as  far  as  possible,  from 
tue  left  side  of  the  scholars;  other  windows  in  class- 
looins  may  be  regarded  as  supplemeiitarv  or  for  ven- 
tilation. Where  left  light  is  impossible,  right  light  is 
next  best;  direct  front  light  is  in  no  circnmstences 
approved. 

the  '''''''        P^'^^'^^^^d  merely  for 

the  sake  of  e.vternal  eflect.  All  kinds  of  glazinc.  which 
c  imnush  the  light  and  are  troublesome  to  keep  clean 
e^c  1  \v,-nf'"'  T"\  ^  ^""'Se  poi'tion  of 

The  s m  "^'"^^^  ventilation 

morP    h       i  !  windows  should  be  not 

vi^  d  •>  tlie  tops  of  the 

windows  should  as  a  rule  reach  nearly  to  the  ceilino- 

TZ  ^tI      r^''^'  may  open  on  a  central 

he  e  be^  "''T  '"i''  ^^^P^^^^^^g  ^^ospitals  should 

0  v  hpVd  '^P^^^^^  between  the  win- 

clow  heads  and  celling  collect  foul  air 

roonis     f^'  ^tionable  in  schoolrooms  or  class- 

iK  ge  01  apex  ventilation.    The  colouring  of  the  walls 

^rt'^^^'^r''^^  l^sitiolToulS 
windows  are  especially  important  in  tlieir  bearin-  on 
he  eyesight  of  the  children.    For  artificial  l  Ifeinl 
the  incandescent  gas  burner  or  electric  lio-ht  ^  "e" 

byexZ     l-"f  ^"^.P-  191).-Katui.al  ventilation 
su  dlv  r'''  ^.^^-Pl'^^es,  and  extract  flues  is 

X   s  b,f4!;f,  the  purity  of  the  air 

wiir  i;t  fZ"^  ^^^^^^^  — 

piessuie   tans,    hltration,  and  warmino- 
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may  I,o  (lesirabl(i  thougli  not  always  attainal.le  in 
131-acticc.  About  2.000  cubic  feet  of  fVesl.  air  per 
iK^acl  ]>(.r  liour  is  i-equinnJ,  and,  to  avoid  draught, 
It  should  enter  th<!  room  at  a  rate  not  exceeding' 
o  feet  per  second.  A  variety  of  metliods  are  adopted, 
the  essential  thing  in  natural  ventilation  l>eing  ample 
provision  for  inflow  \>y  iidets  discharging  upwards 
and  foi-  outllow  by  windows,  air  cliimnevs,  or  extrac- 
tion exhausts.  The  size;  of  inlets  and  outlets  must  be 
carefully  adapted  to  the  method  of  ventilation  pro- 
posed. Whatever  method  of  natural  ventilation 
IS  used,  the  design  should  be  such  as  to  allow  large 
volumes  of  air  to  pass  by  crosH-ventilalion  through 
the  buildings  from  side  to  side.  The  window  area 
should  ^  be  not  less  than  of  the  floor  area  and 
may  with  advantage  be  |,  and  a  large  part  of  the 
window  space  must  be  made  to  open.  When  the 
windows  are  suitably  designed,  carried  to  the  ceiling, 
easily  opened  at  the  top,  and  intelligently  used  in  coi?- 
nexion  with  two  or  more  warm  outlet  flues  or  separate 
air  chimneys,  and  there  are  also  large  open  ventilating 
fire  grates,  stoves,  or  radiators,  by  which  warmed  fresh 
air  is  admitted,  class-rooms  can  be  both  warmed  and 
ventilated  adequately  and  economically.  It  is  well  that 
windows  should  ha^'e  both  the  top  and  bottom  panes 
arranged  to  open,  the  bottom  as  hoppers,  the  top  as 
hoppers  or  swivels.  Gratings  in  floors  should  not 
be  provided.  Besides  continuous  ventilation,  rooms 
should  be  flushed  with  fresh  air  as  often  as  possible. 

In  schools  in  large  towns  it  has  sometimes  been 
thought  desirable  to  ventilate  by  means  of  the  propul- 
sion or  plenum  system.  In  this  case  the  air  must  be 
screened  and  moistened,  and  propelled  by  fan.  into  the 
main  entrance  duct.  It  must  also  be  heated,  prefer- 
ably by  steam  coils.  The  system  combines  heating 
and  ventilation,  but  it  is  relatively  costly,  not  always 
easy  to  work,  and  the  air  lacks  some  degree  of  fresh- 
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ness.  Moreover,  tlio  system  lias  the  evil  effect  of 
accustoming  the  children  to  closed  windows. 

Wnriiiiiig-  {see  p.  208).— The  temperature  of  class- 
rooms should  bo  about  58'  to  62°  F.   Stoves  are  only 
approved  by  the  Board  of  Education  when  provided 
with  proper  chimneys,  supplied  with  fresh  air  direct 
from  outside  by  flues,  and  not  so  large  as  to  occupy  too 
unich  flooi-  space,  or  of  such  material  as  will  get  red 
hot.     Open  fire-places  have  the  great  advantage  of 
assisting  ventilation  as  well  as  providing  heat.  They 
should  be  protected  by  fireguards.    A  thermometer 
should  hang  in  each  room.    Low-pressure  hot  water 
systems  have  been  recommended  for  schools.  Where 
adopted  15-25  sq.  ft.  of  direct  heating  surface  should 
be  allowed  per  1,000  cub.  ft.  of  capacity. 

Desks.-— Desks  may  be  classified  in  three  groups  : 
(«)  the  continuous  desk  with  continuous  seat  or  sepa- 
rate seats,  [b)  the  dual  desk  and  seat  combined,  and  (c) 
the  single  desk  and  seat,  adjustable  or  not  adjustable. 
The  ideal  is,  of  course,  the  single  desk  of  suitable  size 
and  character  (or  adjustable).   In  elementary  schools, 
however,  the  most  economical  ari-angement  is,  per- 
haps, the  continuous  desk  with  separate  seats,  graded 
according  to  requirements.    This  simple  arrangement 
combines  the  advantages  of  dual  desks  without  the 
disadvantages,  and  may  provide  for,  say,  half  a  dozen 
places  with   single  pedestal   chairs  (the  "Sheffield 
System").     Many  schools  are  now  fitted  with  this 
kind  of  desk.    It  is  supported  on  two  plain  pedestals 
screwed  to  the  floor.  Each  seat  has  a  back,  and  stands 
on  a  single  pedestal.    The  advantages  are  that  the 
seats  are  isolated,  each  child  is  accessible,  and  can 
stand  by  its  seat  in  its   place  for  drill,  etc.,  and 
schoolrooms  cannot   be  overcrowded  as  with  dual 
seats  or  forms.    Each  seat  occupies  about  1,000  sq 
inches  of  space.     Cleaning  is  much  simplified  with 
these  seats  and  desks. 
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TI.o  (Klg,,  of  the  desk  sl.ould  be  vertical  ov  nc-iHv 
ov..       f,ont  edge  of  the  seat,  and  a)>o;:t'tLe  ^ 

bet^^  een  t],e  (.]ge  of  t],e  .seat  and  tJxe  desk  should  be 
;  '1  -  •  """US,  never  plus.  The  seat  should  be  at  lea  t 
.  inehes  wide,  and  abont  the  height  of  tin.  knee  The 
;^c.k  shou  d  slope  (15^>),  .n.l  the  seat  be  provided  .vith 

Sii^u^  H.  I'-^vide  fbr  adjustments  of 

c  tiiei  the  seat  or  the  desk,  so  that  they  may  be  separ- 
ated for  writing  and  for  the  physical-exercises  les^", 
and  brought  together  for  reading.    If  a  beiich  or  con- 
tnruons  desk  is  used^  18  inches  should  be  allowed  to 
each  pupd  (16  for  infants). 

PlaySi'OH.,d._The  surface  of  the  playgrounds 
should  be  levelled  and  smooth  without  iJng^shWiy 
and  composed  of  „,aterials  such  as  asphaltS>r  grano^ 

ithic  cement,  which  do  not  form  dust.  They  Should 
be  durable  and  well  drained.  Some  authorities  recom- 
mend tar-pavmg.  Gravel,  cinder-ashes,  shingle,  and 
loose  materials  are  unsuitable.  A  certain  portion 
should  be  covered  in  for  use  in  wet  weathei-  Tlie 
whole  playground  should  be  open  to  the  sun,  and  the 
school  site  should  be  of  a  size  giving  at  least  a  quarter 
of  an  acre  to  250  children,  and  the  playground  at  least 
30  square  feet  per  child. 

_  Cloak-rooms  other  than  passages  should  be  pro- 
vKled  where  damp  garments  can  be  dried.  Cloak  liooks 
should  be  fixed  1 2  inches  apart,  and  gangways  between 
rows  of  hooks  should  be  not  less  than  4  "feet  wide 
Cloak-rooms  should  be  amply  lighted  and  ventilated, 
with  separate  means  of  ingress  and  egress,  and  should 
where  practicable,  contain  lavatory  basins.  In  many 
schools  m  Germany,  and  in  a  few  schools  in  this 
country,  slio \voi-.|»atli<»  have  been  instituted  with 
excellent  results.  The  usual  type  is  a  rose  shower 
over  a  shallow  bath  sunk  in  the  floor  or  in  a  separate 
cell,  with  or  without  a  separate  dressing-box."  The 
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Avater  is  warmed,  and  a  towel  and  soap  are  provided 
for  eaclj  child. 

Wafer  supply — All  schools  should  be  provided 
with  an  adequate  supply  of  wholesome  drinking  water 
If  such  sui)ply  cannot  be  obtained  from  the  public 
mams,  care  must  be  taken  to  ascertain  that  the  supply 
proposed  IS  adequate,  is  of  suitable  character,  and  is 
not  liable  to  pollution  {see  pp.  38-50,  94). 

The  pipes  should  be  so  laid  as  to  be  protected  from 
frost,  and  so  that  in  the  event  of  their  becoming 
unsound  the  water  will  not  be  liable  to  become 
fouled  or  to  escape  without  observation.  There 
should  be  no  direct  communication  between  any  i^ipe 
or  cistern  from  which  water  is  drawn  for  domestic 
purposes,  and  any  water-closet  or  urinal. 

All  water-closets  and  urinals  should  be  provided 
with  proper  service  cisterns,  affording  adequate  flush. 
Any  cistern  should  be  watertight,  covered  and  venti- 
lated, and  so  placed  that  the  interior  may  be  readily 
nispected  and  cleansed. 

Sauitaiy  _  conveniences—Separate  arrange- 
ments are  required  for  boys  and  girls,  and  there  should 

40  boys.  They  should  be  disconnected  from  the  school 
ChHo'/'  -ell-ventilated  lobby  or  covered  wa" 
™   and  f  "'^P'^^^  ^^^^        r^"n-.se  in  sonfe 

bT.T  ^-^lo^ets  are  used  in  many  schools. 

But,  probably,  the  time  has  come  for  schools  to  be 
.  supplied  with  a  sufficient  number  of  some  simple  fbrm 
of  vash-down  closet  with  separate  water-wiste  p  4 

ha  f  wl?  fl-lung  apparatus  for 

half  a  dozen  at  one  time  (p.  294).    Dry-eaith  systems 

m  schools  require  careful  supervision.    It  is  of  cou^sT 

only  ,y  constant  supervision  can  they  be  prevented 
fiom  becoming  a  serious  nuisance  in  Lhool^  They 
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sliould  be  situated  at  least  20  feet  from  tlie  scliool 
pr(!inis(!S.  lli'iiials,  in  proportion  of  10  feet  for  100 
boys,  should  bo  properly  constructed  of  smootli  non- 
absorbent  material,  and  should  have  a  sufficient 
water  supply. 

Soil  drains  from  schools  should  be  made  of  glazed 
stoneware  pipes  (4  to  G  in.  diara.),  having  a  fall  of  1  in 
48  for  4  in.  and  1  in  60  for  6  in.,  and  they  must  be  pro- 
vided with  traps,  ventilators,  and  inspection  chambers. 

School  rti-aiiiay^c— The  following  Memorandum 
of  the  Local  Government  Board  on  the  arrangements 
for  drainage  and  disposal  of  waste  matters  at  public 
elementary  schools  for  which  loans  under  the  Board's 
sanction  are  required  (with  special  reference  to 
schools  in  country  places  where  sewers  and  water 
services  are  not  available)  was  issued  in  1910  :— 

At  a  school,  even  where  no  one  resides  on  the  i)remises, 
provision  will  have  to  be  made  for  the  disposal  and  removal 
o£  the  following  matters:  (1)  Excremental  matters;  (2) 
ashes  and  other  dry  refuse ;  (3)  waste  water,  as  from  lava- 
tories and  tioor  washing  ;  (4)  surface-water  from  roofs,  yards, 
etc.  The  best  means  for  disposing  of  these  several  matters 
will  vary  in  different  cases  according  to  facilities  of  drainage 
and  water  supply  and  other  local  conditions,  and  in  choosing 
the  most  suitable  arrangements  careful  regard  will  have  to  be 
paid  to  the  circumstances  of  each  case. 

Water- Closets 

Where  an  efficient  system  of  public  sewers  and  a  constant 
water  supply  under  pressure  are  available,  water-closets 
should  be  provided  and  their  contents  conveyed  into  the  ^ 
public  sewers  by  drains,  which  should  also  receive  the  liquid 
waste  from  urinals,  lavatories,  and  sinks,  and,  where  permitted 
the  surface-water.  Water-closets  should  be  of  a  suitable  and 
efficient  type,  with  adequate  separate  flushing  arrangements 

for  each  closet.  .  i ,   ■.  . 

Where  a  water  supply  for  flushing  is  available  but  there 
are  no  sewers,  if  water-closets  are  adopted  they  should  be 
drained  into  a  watertight  tank  with  an  overflow  discharging 
on  to  an  efficient  filter  or  a  suitable  area  ot  land  for  irrigation 
or  into  a  watertight  cesspool  without  overflow,  which  should 
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be  so  arranged  that  the  contents  can  be  readily  removed  by- 
means  of  u  suitable  pump  into  a  tank  cart,  or  by  some  otJier 
efficient  method.  In  no  case  can  disposal  of  sewage  by  leaka"-e 
into  the  subsoil  or  by  its  discharge  untreated  into  a  ditch  or 
watercourse  be  regarded  as  satisfactory.  Where  draina"-e  is 
into  a  tank  or  cesspool,  rain-water  should  be  excluded  from 
the  sewage  with  a  view  to  lessen  its  volume,  and  in  the  case 
of  a  cesspool  to  avoid  the  need  for  frequent  emptying. 

Where  sewers  are  available  but  no  suj^ply  of  water  is  laid 
on  for  ilushmg,  it  will  generally  be  best  to  adopt  some  form 
of  dry  closet  as  described  hereafter.  Hand-flushed  water- 
closets  do  not  work  satisfactorily. 

Eauth-Closets 

■  "^P^''C^»"tlier  sewers  nor  water  service  are  available,  as 
IS  olten  the  case  m  small  villages,  some  form  of  dry  closet 
will  be  necessary.  The  closets  maybe  furnished  with  movable 
receptacles  (pail  closets)  or  with  small  fixed  receptacles  on  the 
lines  set  out  m  the  Board's  Model  Bye-laws  with  respect  to 
Jsew  Buildings  in  Knral  Districts,  i  e,  the  receptacle  should 
be  of  small  capacity  and  watertight  construction  with  bot- 
tom at  least  3  inches  above  the  level  of  the  ground,  and  with 
arrdngements  to  facilitate  the  a]iplication  of  dry  earth  or  other 
absorbent  and  the  removal  of  the  contents.  Privies  with 
large  deep  pits  or  open  middens  cannot  be  approved 

The  contents  of  the  closets  should  be  kept  dry  bv^.xcludino- 
rainfall  nnd,  as  far  as  practicable,  all  other  liquid,  and 
the  use  of  a  suitable  absorbent,  which  will  be  especially  needed 
ll'dlTlt  i'r\'-    '^'^^^bsorbe^t  may  be  dry  earth,  a^es, 
sa^^du.t,  peat  dust,  or  road  sweepings  dried  and  sifted.  (The 

alone   ^1^'^      "  "'""•""^  "^^^'^"^^  ^'^ffi^^^-t  q^^antity 

alone   and  there  are  none  in  summer.)    A  shed  or  other 

suitable  accommodation  should  be  set  apart  for  the  dry  in- 
and  storage  of  the  absorbent.  aijing 
Arrangements  will  have  to  be  made  for  the  sunnlv  nnd 
apphca  ion  o    the  absorbent,  and  for  the  freq  en  Iriodkal 
removal  and  disposal  of  the  contents  of  the  closets  *  ^"''""^''^^ 

her  is  partially  ,1ivided  by  a  dwarf    "  1  intoUva  of 
dryand  the  other  fur  iisprl  oorli,  compartments— one  for 

these  couiparu  o  it^^nd'^tl'^']  "  -  T'f  *°>/'' gfi"g"'a.v  between 

the  earth  cL>  b^  is  cmftinued  into  ?L  l    ''°'"^f-    ^"  floor  of 

a  slope  towards\hreentr  T  he  SS^^^^  closet^seats  with 

open  at  the  back  for  its  f„U  wijth t^'the ^^-tirc^Srnnrber "  ^Sow.f  t£ 
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Wastk  Watkr 

Evon  whore  dry  olosctK  are  provided  and  rain-water  is 
Hoparately  dealt  with,  theio  will  still  be  need  for  some  means 
of  di  spohing'  of  foul  waste  liijuids,  as  from  urinals,  sinks, 
lavatory  basins  and  wash  pails.  If  sewers  are  not  available 
those  liquids .  may  be  taken  by  drains  to  a  iilter  or  irrigation 
area,  or  into  a  small  cesspool  constructed  as  already  mentioned. 
In  !-ome  instances,  where  there  is  no  gro.ind  belonging  to 
the  school  suHicient  for  the  placing  of  a  tank  or  cesspool, 
it  may  be  necessary  to  use  movable  receptacles  for  the  re- 
ception of  waste  liquids  from  lavatories,  urinals,  etc.,  the 
receptacle  for  urine  being  filled  with  some  absorbent  such 
as  sawdust.  Such  expedients,  of  course,  require  constant 
attention — at  least  daily — if  nuisance  is  to  be  avoided,  and 
in  the  case  of  new  schools  and,  where  possible,  in  all  other 
cases,  suflicicnt  ground  should  be  provided  to  render  rehort 
to  them  unnecessary. 

Where  there  is  no  public  water  service,  rain-water  from 
the  roofs  may  often  be  usefully  collected  for  washing  purposes, 
being  softer  than  well  water.    "Where  not  so  collected,  if 

gangway  nui.s  a  cliainiel  for  lu'ine  which  disduuges  into  a  small  tank  ; 
this  channel  and  tank  are  tilled  with  peat  nio.s.s  or  sawdnst  to  absorb  the 
urine  ;  when  the  absorbent  is  saturated  it  has  to  be  removed,  and  fresh 
material  substituted. 

The  mode  of  use  is  as  follows :  One  or  more  loads  of  dry  earth  are 
l)laced  in  one  of  the  compartments,  and  a  layer  of  this  earth  0  inches 
deep  is  spread  on  the  fl^or  under  each  closet  seat,  so  as  to  receive  tlie 
excreta  upoii  it.  Once  a  week,  c<inveniently  on  Saturdays,  the  faecal 
matter  is  covered  up  with  a  fresh  layer  ol  tiie  eartli  until  in  course  of  time 
the  heap  readies  a  depth  of  about  two  feet.  It  is  then  removed  to  the 
empty  compartment  to  dry,  and  a  fresh  layer  of  earth  is  spread  under 
the  seats.  This  process  is  repeated  until  all  the  earth  has  been  shifted 
to  the  other  compai  tment.  It  is  then  woiked  back  again  iu  like  manner, 
using  lirst  the  portions  of  earth  which  have  been  drying  longest.  When 
this  process  is  properly  carried  out  it  has  been  Ibund  that  fa-ces  and  papei 
are  inoftensivdy  disintegrated  by  the  action  of  the  earth  with  its  contained 
organisms,  and  tliat  the  same  earth  can  be  used  over  and  over  again 
without  the  need  for  addition  or  removal. 

■  Where  this  system  is  adopted  careful  attention  nuist  be  given  to  the 
following  ])oints:  1.  Impervious  materials  must  be  used  in  all  place- 
wliere  eiuth  or  frecal  matter  is  liable  to  come  iu  contact  with  th.; 
structure.  Wood  should  not  be  used.  2.  The  earth  chamber  should  be 
properly  roofed  to  exclude  rainfiill,  and  well  ventilated.  Its  flotir 
should  not  be  below  the  ground  level.  3.  All  urine  should  be  conveyed 
away  from  the  earth  chamber,  received  in  an  absorbent,  and  removed. 
i.  Suitable  dry  earth  should  be  used,  preferably  to|)  soil  from  a  field  or 
garden  "  iu  good  heart."  Ashes  are  unsuitable.  5.  Careful  and  intelli- 
gent attention  must  be  paid  to  the  working  of  the  closets  by  a  person 
specially  detailed  for  this  purpose,  and  the  earth  nuist  be  shifted  and 
redistributed  at  least  once  a  week.  It  must  not  be  allowed  to  get  satu- 
rated with  liquid.  A  door  for  access  to  the  earth  chamber  will  be  needed 
but  should  be  kept  locked  when  not  in  use. 
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there  IS  no  sower  into  which  to  take  it,  it  ahould  bo  excluded 
from  the  sewage,  and  may  bo  discharged  in  any  convenient 
method,  as  into  a  ditch  or  watercourse,  or  where  the  soil  is 
porous,  into  a  eoakaway  pit  at  a  sufficient  distance  from  (ho 
buildmg,  so  as  not  to  cause  dampness  of  the  foundations 

Where  possible,  it  is  desirable  that  the  sewage  from  the 
schoolmaster  s  house  shouhl  bo  dealt  with  by  the  same  .system 
as  that  from  the  school  buildings,  but  where  this  is  not  faisilde 
one  or  other  of  the  methods  for  the  disposal  of  excretal  mat- 
ters and  liquid  waste  already  mentioned  should  be  adopted 

Whcn-e  sewers  and  public  water  service  are  not  aiailable, 
It  IS  desirable  that  there  should  be  in  connexion  with  the  house 
plenty  of  garden  ground  on  which  to  dispose  of  refuse  matters. 

GEiVEKAL 

Tn  connexion  with  the  drainage  and  sanitary  arrano-ements 
tentiom"  '  ^^'^^^  'pecS  at 

w;ff '"^'^'r'''V'  ''^'/'^':^"'''"'-^^^  arrangements  must  comply 
r  to  b7erS  7'  If  ""'f'^  -  -h-h  the  sclS 

distHct    th     .1   '•  '""i        "'^  bye-laws  in  force  in  the 

d  stuct    the   drainage  and   closet  arrangements  should  be 

of  thel.aB  "°  ^y^-^-^^ 
I)mlns.~The  drains  for  foul  water  should  be  laid  in 
straight  hnes  between  inspection  chambers,  and  so  as  to  be 
quite  water  ight ;  they  should  be  properly  entilated  and  be 
disconnected,  by  means  of  a  trap  with  frei-air  nlet  al  ov  e  t 
froni  any  sewer,  cesspool  or  covered  tank  into  which  thev 
discharge.  Should  a  d.ain  have  unavoidably  t^  be  laid  nelv 
a  well  or  other  source  of  water  supph-  the  dmin  it' .f 
ware  pipes,  should  be  surrounderSth  cement'  ^onLl  ; 
least  6  inches  in  thickness  ;   or  should  bo  of  c«l?  - 

met'  \'  'Tt  '^-^-^We' tS^.ipef  or4  iXsX" 

with  by  the  children  ''"''^^  interfered 
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Oo3Si)C)ol8  and  covered  tanks  should  be  properly  ventilated, 
and  sliould  be  in  jiositioas  conveniently  accessible  by  a  tank 
cart  For  tlio  purpose  of  emptying. 

The  capacity  of  tanks  which  overflow  on  to  a  filter  bed 
or  irrigation  area  need  not  exceed  from  one  to  two  days' 
volume  ol:  sewage;  but  cesspools  which  have  to  be  emptied 
from  time  to  time  should  be  of  larger  capacity.  Filter  beds 
should  be  not  less  than  2  feet  6  inches  in  depth,  and  thu 
filtering  medium  should  consist  of  some  hard  and  clean  material 
with  6  inches  of  sand  or  other  line  material  at  the  top,  care 
being  taken  that  the  li<inid  is  evenly  distributed  over  the 
surfaces  of  the  filter  bed.  If  no  land  treatment  is  provided, 
the  area  of  Ihe  filter  bed  should  be  sufficient  to  deal  with  the 
liquid  at  a  rate  not  exceeding  70  gallons  per  square  yard 
per  day  for  a  filter  2  feet  6  inches  deep,  or  at  a  propor- 
tionally greater  rate  for  a  deeper  filter.  When  subsequent 
land  treatment  of  the  effluent  is  adopted,  a  rate  of  filtration 
twice  as  rapid  as  the  above  may  be  allowed. 

Irrir/atiuii  areas.— 'Lund  for  irrigation  should  have  an  ade- 
quate area  and  suitable  soil,  and  should  be  at  a  sufficient 
distance  from  any  inhabited  building  or  sources  of  water 
supply,  so  as  not  to  create  a  nuisance  or  to  pollute  the  water. 
The  nature  of  the  soil  should  be  stated  in  the  application. 

Zand.— ^yhere  land  outside  the  school  premises  is  required 
for  tanks,  filter  beds,  irrigation,  etc.,  its  use  should  be  secured 
by  a  definite  legal  agreement,  and  if  the  works  are  to  be  earned 
out  by  means  of  a  loan  the  land  should  be  purchased  or  leased. 

Keed  for  sKperv  is  ion. —It  is  very  important  that  the  sani- 
tary  arrangements  of  schools  should  be  kept  in  a  cleanly  and 
proper  condition,  not  only  for  the  sake  of  the  health  of  the 
children  while  at  school,  hnt  also  as  an  object  lesson  in  clean- 
liness   But  this  cleanly  condition  cannot  be  maintained  witliout 
supervision.     It  miy  be  necessary  to  employ  an  elhcient 
attendant  to  see  to  the  cleanly  keeping  of  the  sanitary  con- 
veniences as  well  as  of  the  school  premises  generally,  ihis 
will  be  especially  necessary  at  schools  where,  m  the  absence  of 
sewers  and  water  service,  methods  have  to  be  adopted  which 
involve  hand  removal.    Thus,  where  dry  closets  are  adoptexl, 
it  will  be  necessary  to  appoint  someone  to  supply  absorbents, 
to  empty  the  closets  at  frequent  and  regular  intervals-say 
every  Saturday,  or  oftener  if  necessary-and  to  remove  the 
contents  to  a  'suitable  place  of  deposit.    Whei^  a  cesspool  xs 
used  the  contents  will  have  to  be  pumped  out  from  time  to 
time  and  distributed  over  land  ^ P^P^^  situation  Filtei- 
beds  and  irrigation  areas  will  also  need  supervision  fiom  time 
to  time  to  keep  them  in  proper  working  order. 
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Schools  and  iiifoctious  disoasc— The  fol- 
lowing is  the  Memorandum  on  this  subject  issued 
jointly  by  the  Local  Government  iJoard  and  the 
Board  of  Educatioji,  1909: — 


PART  I.-  INTRODUCTORY  AND  GENERAL 

1.  School  hygiene  has  been  placed  upon  an  altered  footing 
by  section  13  of  the  Education  (Administrative  Provisions)  Act, 
1907;  and  the  introduction  of  the  School  IMedical  Officer 
(S.M.O.)  into  the  local  administiative  machinery  of  preventive 
medicine  has  been  accompanied  in  the  Code  of  Regulalions 
for  Public  Elementary  Schools  (1909)  by  new  or  modi  tied 
provisions  as  to  medical  inspection,  and  as  to  the  closure  of 
schools  and  the  exclusion  of  individual  scholai's  with  a  view  to 
the  prevention  of  the  sjjread  of  disease. 

As  will  be  seen  from  a  consideration  of  this  Memorandum, 
the  recent  changes  have  materially  increased  the  possibilities  of 
effective  action  against  disease  possessed  by  local  authorities 
and  their  medical  ofGcers. 

Code  Requirements  for  School  Closure  and  for  the 
Exclusion  or  Individual  Scholars 

School  Closure 

2.  The  Code  for  1909  contemplates  that  in  certain  particulars 
new  administrative  conditions  shall  be  satisfied  before  the  Board 
of  Education  will  allow  a  claim  for  grant  in  respect  of  schools 
which,  owing  to  closure  with  a  view  to  preventing  the  spread 
of  disease,  have  not  been  open  the  requisite  number  of  times. 

This  closure  may  be  compelled  by  the  S.A.  under  Article 
57  of  the  Code,  or  may  be  voluntary  on  the  part  of  the  Local 
Education  Authority.    Article  57  is  as  follows  :  If  the  S  A 
of  the  district  in  which  the  school  is  situated,  or  any  two 
members   thereof,   acting   on   the  advice  of   the  M  O.H 
require  either  the  closure  of  the  school  or  any  department 
thereof,  or  the  exclusion  of  certain  children  for  a  specified  time 
with  a  view  to  preventing  the  spread  of  disease  or  any  dano-er 
to  health  hkely  to  arise  from  the  condition  of  the  school  such 
requn-ement  must  at  once  be  complied  with.  ' 

As  regards  the  grant,  provision  is  made  by  Article  45  lb) 
where  a  school  is  compulsorily  closed  or  is  closed  under  the 
advice  or  with  the  approval  of  the  S.M.O.,  or  for  any  other 
unavoidable  cause.  It  runs  as  follows:  If  the  requisite 
number  of  meetnigs  has  not  been  held  owing  to  a  closure  of  the 
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school  under  Avticlo  57,  or  under  tlie  advice  or  with  the 
!il)proval  of  the  S.M.O.,  or  for  any  other  unavoidable  cause, 
tlie  f^rant  will  ho  paid  in  full,  provided  that  the  reciuirenienls 
of  this  Article  are  (satisfied  after  an  allowance  of  nine  nieetingK 
has  boon  made  for  each  week  of  such  closure. 

Exclusion  of  Children 
If  the  S.A.  or  two  members  thereof,  acting  on  the  advice  of 
the  M.O.H.,  require  the  exclusion  of  certain  chihhen  for  a 
spocilied  time  in  order  to  prevent  the  spread  of  disease,  those 
children  must  be  excluded  (Article  ')7),  Thus  the  M.O.H. 
can  initiate  a  couipulsory  process  whether  for  closing  the  school 
or  for  excluding  scholars,  though  he  can  oidy  do  so  through 
the  S.A.  or  two  members  thereof. 

The  exclusion  of  children  is  also  provided  for  on  the  authori- 
zation of  the  S.M.O.  by  Article  53  {I))  of  the  Code,  which  is 
as  follows:  Where  the  Board  (of  Education)  are  satisfied  (i) 
that  proper  arrangements  have  been  made  by  tlie  Local  Edu- 
cation Authority  for  enabling  the  S.M.O.  to  ascertain  and 
certify  cases  in  which  the  exclusion  of  children  from  school  is 
desirable,  and  (ii)  that  the  S.M.O.,  has  authorized  the  exclu- 
sion of  certain  children  from  the  school  (1)  on  the  ground  that 
their  exclusion  is  desirable  to  prevent  the  spread  of  disease,  or 
(2)  on  the  ground  that  their  uncleanly  or  verminous  condition 
is  detrimental  to  the  other  scholars,  or  (3)  on  the  ground  that, 
owing  to  their  state  of  health  or  their  physical  or  mental 
defects,  they  are  incapable  of  receiving  proper  benefit  from  the 
instruction  "in  the  school,  the  exclusion  of  such  children  shall 
be  deemed  for  the  purposes  of  this  Code  to  be  exclusion  on 
reasonable  grounds. 

For  the  purposes  of  this  provision  the  Local  Education 
Authority  may  direct  that  no  children  who  have  been  excluded 
under  the  authority  of  the  S.M.O.  or  under  Article  57,  or  who 
have  been  absent  from  school  owing  to  sickness,  shall  be  re- 
admitted to  school  if  the  S.M.O.  is  not  satisfied  that  they  can 
attend  school  without  lisk  to  themselves  or  others. 

Every  direction  or  authority  given  by  the  S.M.O.  must  be 
embodied  in  a  certificate  signed  by  him.  A  copy  of  every  certi- 
ficate must  be  furnished  to  the  Local  Education  Authority  and 
must  be  produced,  if  required,  to  any  Inspector  or  Officer  of  the 
Board's  Medical  Department.^' 

*  For  the  purposes  of  tlie  Code  "  School  Medical  Officer  "  means  a  medi- 
cal officer  named  bv  the  Local  Education  Authority,  and  recognized  as  such 
l)V  the  Board  of  Education.  In  exceptional  cases  the  lioard  ot  Education 
Will  rccoguize  separate  School  Medical  Officers  for  separate  parts  of  one 
area. 
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o.  Tlie  general  effect  of  the  changes  which  these  Articles  of 
the  Code  bring  about  may  be  stated  as  follows  : — 

IJeucefoilh  there  is  no  a|3i:)cal  against  requirements  of 
the  )'>anitary  Authority  made  in  accordance  with  the  terms 
of  Article  57. 

{/j)  Under  ijrcvious  Codes  the  requirements  of  the  Article 
oorresijonding  to  Article  45  (b)  have  been  satisfied  when  a 
school  has  been  closed  voluntarily  "  under  medical  authority," 
including  the  advice  or  approval  of  any  medical  jDractitioner. 
Under  the  present  Code,  where  closure  for  medical  reasons  has 
been  effected  voluntarily,  the  requirements  of  Article  4.')  (b) 
will  not  be  satisfied  unless  the  S.M.O.  recognized  by  the  Board 
of  Education  has  advised  or,  where  he  has  not  advised,  approves 
the  closure. 

In  practice  it  is  customary  for  the  M.O.H.,  without 
resorting  to  the  formal  procedure  of  Article  57,  to  arrange,  as 
soon  as  an  infectious  case  is  notified  to  him,  for  the  temporary 
exclusuin  from  school  of  the  infected  child  and  of  any  children 
who  have  been  in  contact  with  the  infectious  case,  or  of  any 
children  suspected  of  being  themselves  infectious.  If  such 
exclusions  are  to  be  deemed  to  be  on  "  reasonable  grounds  "  they 
must,  in  accordance  with  Article  53  (b),  be  endorsed  at  the  time 
or  subsequently  by  the  S.M.O.  In  previous  Codes  exclusion 
on  any  medical  authority  has  been  regarded  as  "  reasonable 
ground  '  for  exclusion.  The  new  conditions  indicate  the  desir- 
a  i*^^^  ^  worlving  arrangement  between  the  M.O.H.  and  the 
S,"  .  :?• '7^*^"  ^^^^^  officers  are  not  the  same  person,  in  order 
that  the  former  may  not  need  to  adopt  the  procedure  provided 
in  Article  o/  for  the  formal  and  compulsory  exclusion  of  indi- 
vidual scholars. 

CO-ORI.IXATION    OF    W.,RK    OF    MeDICAL    OfFICER    OF  HeALTH 
AND     OF    THE    ScHOOL    MeDICAL    OfFICER    AND  OTHER 

.School  Officers 

4  It  is  the  desire  alike  of  the  Local  Government  Board  and 
of  the  Board  of  Education  that  the  relations  of  the  local  S  A 
and  of  the  Local  Education  Authority  should  in  all  respects  be 
intimate  and  cordial,  in  order  that  the  administrative  procedures 
of  both  bodies  may  be  reciprocally  beneficial.  It  is  only  bv 
such  mutual  co-operation  that  the  best  interests  of  each  district 
can  be  secured  to  the  fullest  extent. 

5.  It  must  however,  be  borne  in  mind  that  the  M  O  H 
acting  under  the  S.  A.,  is  responsible  for  dealing  with  outbreaks 
0   infectious  disease  including  such  outbreak  "in  schools;  and 
he  action  of  the  S.M.O.,  where  he  is  not  also  M.O  H  must 
be  consistent  with  this  general  consideration.    Tlie  hnpo  t  nee 
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of  lliis  f  onHidoiation  is  indicated  by  the  fact  lliat  the  statutory 
powers  as  to  isolation  of  patients  and  cleansing  and  disinfeotion 
of  houses  aro  pos^sesscd  by  S.A.  alone.  'J  he  new  requirements 
of  the  ('ode  in  no  way  diminish  tlie  responsibility  of  the  M.O.H. 
for  taking-  all  such  steps  as  arc  demanded  in  the  public  interest 
to  prevent  the  spread  of  infection.  As  a  matter  of  administra- 
tive educational  procedure  the  eertiticate  of  th(;  S.M.O.  is 
required  under  Article  53  (b)  for  cases  of  exclusion,  and  for 
voluntary  closure  of  a  school  for  infectious  disease  under 
Article  15  {/>)  ;  but  the  M.O.H.  must  be  in  a  pr  sition  to  act 
promptly  in  each  instance,  more  particularly  in  regard  to  exclu- 
sion. Cases  may  frequently  occur  where  prompt  action  is 
essential,  and  where  valuable  time  would  be  lost  by  reference 
either  to  the  S.A.,  with  a  view  to  the  issue  of  requisitions 
under  Article  57,  or  to  the  S.M.O.  ;  and  it  is  eminently  desir- 
able that  in  these  cases,  more  especially  as  regards  the  exclusion 
of  individual  scholars,  the  M.O.H.  should  be  in  a  position  to 
take  immediate  action. 

6.  This  end  can  bf  st  be  secured,  in  cases  where  the  M.O.H. 
is  not  himself  the  S.M.O. ,  by  the  cstabli.'-hment  of  definite 
working  arrangements  between  these  two  ofhcers  under  wbich, 
on  the  one  hand,  Local  Education  Authorities  will  authorize 
managers  and  teachers  to  act,  as  in  the  past,  on  the  recom- 
mendations of  the  M.O.H.,  and,  on  the  other  hand,  the  S.A. 
will  arrange  that  the  M.O.H.  embodies  his  recommendations 
in  ceitificates  which  are  transmitted  to  the  S.M.O.  with  a 
view  to  the  formal  authorization  required  by  Article  53  (b)  of 
the  Code  in  cases  of  exclusion,  and  to  the  approval  required  by 
Article  45  (b)  in  cases  of  closure.  Where  such  working  airange- 
ments  are  adopted,  it  should  seldom  be  necessary  under  the  new 
conditions  ftr  the  M.O.H.  to  advise  the  S.A.,  or  two  members 
thereof,  to  put  into  force  the  powers  conferred  upon  them  by 
Article  57  of  the  Cede. 

7.  'the  conditions  under  which  mutual  co-operation  between 
officers  of  the  local  S.A.  and  of  the  Local  Education  Authority 
can  be  made  most  efl'ective  will  vary  according  to  local  organi- 
zation. "VVhtn  in  autonomous  areas  the  M.O.H.  and  the 
S.M.O.  are  the  same  officer,  direct  unity  of  action  is  at  once 
obtained.  In  all  other  cases  waste  of  effort  and  some  duplica- 
tion of  work  can  only  be  avoided  by  agreement  between  the 
two  olficers  and  tl  eir  authorities  on  general  lines  of  action, 
both  as  to  the  details  of  medical  administration  and  as  to  the 
regulations  for  teachers  and  other  school  officers  mentioned  in 
paragraph  9. 

In  county  areas,  where  the  County  M.O.H.  is  also  the 
S.M.O.,  he  is  in  a  pcsition  to  organize  the  needed  co-operation. 
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Where,  however,  these  offices  are  held  hy  difi(iront  persons,  or 
wIktc  there  is  no  County  M.O.H.,  it  is  oLviously  desirable 
that  (lelinite  arrangements  should  be  made  between  the  l^oeal 
Education  Authority  and  the  Local  S.A.  providing  for  the 
harmonious  co-ojjeration  of  their  respective  olKcers.  When 
Assistant  S.M.O.  arc  not  themselves  the  District  M.O.H.  the 
need  for  fret]uent  interchange  of  information  between  the 
officers  of  the  .Sanitary  and  Education  Authorities  will  aiise ; 
and  lines  of  action  in  regard  to  closure  of  schools  and  the  ex- 
clusion of  individual  scholars  will  need  to  be  settled  with  due 
reference  to  the  paiticular  circumstances  of  the  area,  and  to 
tlie  regulations  adopted  by  the  Local  Education  Authority  for 
the  organization  of  the  S.M.S. 

8.  In  order  that  the  requirements  of  Article  53  (i)  of  the 
Code  may  be  met,  it  is  necessary  that  all  cases  of  exclusion 
from  school  by  the  direction  of  the  M.O.H.  should  be  promptly 
reported  by  that  officer  to  the  S.M.O.  As  a  rule  closure  of  the 
school  should  only  be  arranged  in  consultation  with  the  S.M.O. 
This  rule  should  be  followed,  save  in  serious  emergency;  and 
when  immediate  closure  is  necessary  in  the  interests  of" public 
health,  the  M.O.H.  should  at  once  communicate  with  the 
S.M.O. 

9.  Efficiency  in  the  prevention  of  the  spread  of  infection 
implies  active  co-operation  not  only  between  the  M.O.H.  and 
the  S.M.O.,  but  also  between  these  officers  and  the  school 
teachers,  school  nurses,  and  attendance  officers.  This  general 
need  can  be  met  by  each  Local  Education  Authority  making 
regulations  as  to  the  duties  of  each  of  their  officers  to  send 
forthwith  to  the  M.O.H.  and  to  the  S.M.O.  information 
regarding  any  children  suspected  to  be  suffering  from  infectious 
illness,  and  to  exclude  such  children  tempoiarily.  This  point 
IS  emphasized  in  the  following  recommendation  quoted  from 
Circular  596  issued  by  the  Board  of  Education  cn  19th  of 
August,  1908  :— 

He  (the  S.M.O.)  must  so  organize  his  machinery  that  both 
he  and  the  S.A  shall  receive  immediate  information 
of  any  such  occurrence  (of  infectious  disease),  whether 
the  disease  is  notifiable  or  not,  by  duplicate  notices  or 
otherwise,  so  that  the  matter  may  be  dealt  with 
etlectively  and  without   confusion '  at   the  earliest 
possible  moment.    Definite  regulations  should  be 
made  for  this  purpose. 
It  is  expected  that  such  regulations  defining  the  circum- 
stances in  which  teachers  and  other  school  officers  should  notify 
suspected  cases  of  infectious  disease  to  the  M.O.H.  and  to  the 
b.M.O.  will  be  made  generally  by  Local  Education  Authorities 
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PART  IL— PRINCIPLES  OF  ACTION 

InFOHMATIUN   as  to   NoTIl'IAin.E  DiSKAfSKS 

10.  Success  ill  the  control  of  infection  depends  on  the  com- 
pleteness and  promptitude  witli  which  each  case  of  infectious 
disease  is  recognized,  and  tlie  completeness  ajid  promptitude  of 
the  action  taken  on  this  information.  In  this  and  t}ie  follow- 
ing eight  ptiragraphs  the  means  of  obtaining  such  complete  and 
l)rompt  information  are  considered.  All  Unown  c'lses  of  the 
diseases  coming  within  the  scope  of  the  Infectious  Disease 
(Notification)  Acts  or  of  Section  '>i)  of  the  PuLlic  Health 
(London)  Act  are  notified  to  the  M.O.H.  Scarlet  fever  and 
diphtheria  are  the  most  common  diseases  affecting  school 
cliildren  which  are  thus  notifial)le.  Measles  and  whooping- 
cough,  which  are  even  more  prevalent  among  school  children, 
do  not  in  the  majority  of  sanitary  districts  come  within  the 
scope  of  the  Notification  Acts,  though  they  can  he  ndded  liy 
resolution  of  the  S.A.  subject  to  the  approval  of  the  L.  G.B- 

I)ivi'stif/rif.io)i  of  "  Missed  Cases  " 

11.  In  the  administrative  control  of  such  notifiable  diseases, 
therefore,  action  must  start  with  the  M.O.H.  In  a  well- 
organized  and  efficiently  worked  sanitary  district  each  notifi- 
cation by  a  medical  practitioner  of  a  case  of  one  of  the  noti- 
fiable diseases  should  form  the  starting-point  for  a  prompt  and 
full  investigation  of  the  possibilities  of  infection.  As  stated  in 
Article  18  (2)  of  the  Local  Government  Board's  Kegulations  as 
to  M.O.H.,  it  is  the  duty  of  the  M.O.H.  "  to  inquire  into  arid 
ascertain  by  such  means  as  are  at  his  disposal  the  causes,  origin 
and  distribution  of  diseases  within  his  district"  ;  and  with  this 
object  in  view  he  will  regard  each  case  of  notified  disease  as 
possibly  connected  with  other  cases  of  the  same  disease,  which, 
owing  to  their  mildness,  or  the  absence  of  some  of  the  charac- 
teristic symptoms,  have  been  overlooked  by  the  parent,  or  the 
teacher,  or  both.  The  investigation  of  such  missed  cases  is 
indispensable  to  effective  administration.  A  portion  of  this 
investigation  may  need  to  be  undertaken  at  the  patient's  home  ; 
it  is  incomplete  unless  an  equally  thorough  inquiry  has  been 
made  into  the  condition  of  the  children  who  have  been  in  con- 
tact at  school  with  the  scholar  who  has  fallen  ill.  This  inquiry 
should  be  shared  by  the  M.O.H.  and  the  S.M.O.,  if  these 
offices  are  not  held  by  the  same  official.  It  should  include  the 
recent  history  and  present  condition  of  children  who  have 
recently  returned  to  school  after  an  interval  of  absence,  and  be 
followed  by  careful  watching  of  the  children  who  have  been  m 
contact  with  the  infectious  case. 
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Instructions  to  Teachers  and  Parents 

12.  It  is  in  connexion  with  these  investigations  that  the 
co-operation  of  teachers  and  parents  is  needed,  as  well  as  of  the 
S.M.  O.  wlienover  the  latter  can  help  in  this  work.  Infection 
is  often  spre;ul  in  school  by  the  attendance  of  children  suffering 
from  initial  and  unrecognized  symptoms,  or  attending  school 
in  tlie  convalescent  stage,  or  throughout  the  course  of  a  mild 
attack  of  an  infectious  disease.  To  minimize  the  danger,  the 
teacher  should  be  instructed  in  the  symptoms  of  onset  of  the 
chief  infectious  diseases,  and  the  symptoms  which  may  be 
manifested  by  children  who  have  recently  passed  through  the 
acute  stages  of  these  diseases.  Clear  directions  should  be  given 
by  Local  Education  Authorities  instructing  teachers  tempo- 
rarily to  exclude  children  showing  any  symptom  suggestive  of 
any  of  these  diseases,  until  medical  assurance  can  be  had  that 
they  may  attend  school  without  harm  to  themselves  or  danger 
to  other  scholars.  Instructions  of  this  kind  will  naturally  find 
a  place  in  the  arrangements  required  by  Article  53  [h)  of  the 
Code  for  enabling  the  S.M.O.  to  ascertain  and  certify  cases  in 
which  exclusion  is  desirable.  During  the  prevalence  of  any 
particular  infectious  disease  the  attention  of  the  teacher  may 
be  drawn,  by  circular  letter  or  otherwise,  to  the  most  obvious 
symptoms  indicating  the  possibility  that  a  scholar  is  sickening 
for,  or  is  suffering  or  recovering  from,  this  disease. 

Lit iiiiat ions  hy  School  Officers  to  Medical  Officer  of  Health  and 
School  Medical  Officer 

13.  Under  regulations  framed  as  suggested  in  paragraph  9, 
or  apart  from  such  regulations,  the  school  teacher  and  school 
attendance  officer  should  inform  both  the  M.O.H.  and  the 
S.M.  O.  of  any  children  who  have  recently  been  kept  at  home 
with  illness  of  a  suspicious  character,  or  concerning  whom  cir- 
cumstances suggest  the  possibility  of  infection.  This  informa- 
tion probably  will  have  come  to  the  teacher  and  to  the  attend- 
ance officers  from  direct  communication  with  parents.  In  some 
Instances  the  attendance  officers  and  in  others  the  teachers  may 
obtain  the  earliest  information ;  and  the  system  of  intimations 
to  the  medical  officers  should  be  so  arranged  as  to  secure  the 
simultaneous  conveyance  to  the  M.O.H.  and  to  the  S.M  O 
of  such  information.  No  harm  can  come  from  duplication  of 
such  notifications,  and  the  Local  Education  Authority  can  by 
careful  organization  devise  arrangements  which  shall  be  prompt 
and  effective  and  at  the  same  time  easy  in  application 

14.  Opportunity  should  be  taken  by  circular  letters  or  other- 
wise to  impress  upon  parents  their  responsibility  in  preventing 
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the  spi  oad  of  infection  in  st^hools,  especially  when  any  special 
disease  tlireatens  to  hecome  pi  ovalent.  Tlio  particular  atten- 
tion of  parenta  shuuld  be  drawn  to  the  fact  tli;it  a  "bad  cold  " 
or  an  "ulcerated  throat"  or  a  "  8piin<,'  rash  ^'  may,  in  fact, 
indicate  a  mild  attacic  of  diphtheria  or  scarlet  fcvei',  and  that  to 
send  children  to  school  either  so  sufferin<>:  or  when  convalescinf? 
from  such  conditions,  without  having  first  obtained  a  medical 
opinion,  may  involve  serious  consequences  to  other  cliildreu. 

Occasional  Diaf/nosin  by  3[edical  Officer  of  lleallh 

15.  The  di faculty  occasioTially  arises  that  the  parents  of  a 
child  who  is  suspected  to  be  suffering  from  a  mild  attack  of  an 
infectious  disease  cannot  afford  to  send,  or  will  not  send,  for  a 
doctor,  although  they  have  kept  the  child  away  from  school  for 
a  few  days.  Exclusion  from  school  must  be  continued  in  these, 
as  in  all  cases  of  suspicion,  until  doubt  as  to  the  nature  of  tlie 
case  has  been  removed  ;  and  meanwhile  the  parent  must  ho 
pressed  to  utilize  the  private  or  public  agencies  avaihible  for 
medical  diagnosis  according  to  circumstances.  In  such  cas  s, 
if  delay  and  consequent  danger  of  spread  of  infection  are  to  be 
avoided,  the  M.O.H.  or  the  S.M.O.,  or  some  other  medical 
man  temporarily  or  permanently  acting  for  the  S.A.,  should 
make  or  aid  in  making  a  diagnosis.  This  corresponds  to  the 
general  practice  in  investigating  outbreaks  of  smallpox ;  and 
its  more  frequent  adoption  for  other  infectious  diseases  would 
enable  local  authorities  to  make  better  use  of  their  isolation 
hospitals  and  other  official  machinery  for  preventing  the  spread 
of  disease. 

Inlimations  by  Medical  Officer  of  Health  to  School  Medical  Officer 

and  Head  Teacher 

16.  The  information  as  to  notifiable  infectious  cases  among 
school  children  obtained  by  the  M.O.H.  should  be  promptly 
transmitted  to  the  S.M.O.  and  to  the  Head  Teacher  of  the 
school  concerned  in  oi'der  that  the  necessary  instructions  as  to 
exclusion  from  school,  etc.,  may  be  given.  In  the  Metropolis, 
under  Section  55  (4)  of  the  Public  Health  (London)  Act,  1891, 
it  is  compulsory  on  the  M.O.H.  to  send  a  copy  of  each  notifi- 
cation certificate  within  twelve  hours  after  its  receipt  to  the 
Head  Teacher  of  the  school  attended  by  the  patient  (if  a  child), 
or  by  any  child  who  is  an  inmate  of  the  same  house  as  the 
patient.  In  sanitary  districts  outside  the  Sletropolis  similar 
intimations  should  be  sent  promptly  both  to  the  S.M.O.  and 
to  the  Head  Teacher.  The  notice  thus  sent  to  the  teacher  may 
also  usefully  comprise  general  information  on  the  symptoms  of 
infectious  diseases. 
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Information  as  to  the  Non-notifiamle  Diseases. 
1".  Measle-s  whooping-cough,  mumps,  chickenpox  and  in- 
fectious discises  other  than  scarlet  fever  and  diphtheria,  wliicli 
prevail  among  school  children,  are  seldom  added  b}'  S.A.  to 
the  schedule  df  compulsorily  notitiable   dif eases.    Even  in 
districts  in  wliich  any  of  these  diseases  are  notifiable,  the 
parents  commonly  cither  do  not  consult  a  doctor,  or  they  cill 
him  in  after  secondary  infection  of  other  cliildren  has  .already 
occurred.    Hence  the  M.O.BT.  is  dependent  for  information 
on  the   S.M.O.  and  on  parents,  teachers,  and  attendance 
officers;  and  if  the  rapid  spread  of  these  diseases  in  school 
and  the  need  for  exclusion  from  school  on  a  large  scale  or  for 
school  closure  are  to  be  avoided,  school  officers  and  parents 
should  furnish  this  information  to  the  M.O.H.    Prompt  and 
complete  notification  to  the  M.O.H.  and  to  the  S.M.O.  of 
such  "minor"  cases  of  infectious  disease  is  difficult  to  ensure  ; 
but  the  appropriate  action  of  Local  Education  Authorities  on 
the  recommendation  contained  in  paragraph  7  (c)  of  the  Board 
of  Education  Circular  596,  dated  17tli  August.  1908,  will,  it  is 
hoped,  go  far  towards  seeming  this  end.  [See  paragraph  9,  ante.) 

I)iiimations  as  to  Cases  of  Bon^blfid  Xuiure 
18.  Kimxt  from  systematic  and  prompt  intimation  to  the 
medical  officers  by  teachers  and  attendance  officers  of  all  cases 
ot  the  non-notifiable  infectious  diseases  ascertained  by  them 
further  intimations  should  be  sent  by  them  of  the  absence  from 
school  of  any  child  on  the  suspicion  that  it  is  suffering  from 
an  infectious  disease  ;  and  absence  of  several  children  of  one 
lamily  from  school  at  the  same  time,  no  matter  wliat  name  be 
given  (0  the  complaint  that  keeps  them  at  home,  should  also  be 
reported.  In  practice  it  has  been  found  that  such  intimation  of 
absentees  has  materially  aided  the  M.O.H.  in  taking  measures 
lor  the  suppression  of  infectious  disease. 

medical  inspections  carried' out  under  the  Educa- 

elv^b  ^Jh"'''    r*' T\^?^^'^°?')  ^^07  ^''^^     due  course 

enable  the  medical  history  of  each  scholar  in  respect  of  infec- 
tious diseases  to  be  recorded;  and  the  knowle.lge  thus  secured 
wi  in  the  futiire  be  valuable  in  determining  whether  n  par- 
ticu  ar  cases  chi  dren  need  to  be  excluded  from  school  or  classes 
need  to  be  closed  when  an  outbreak  of  infectious  disease  occurs 
It  IS  anticipated  that  this  information  will  be  valuable  es,  "^^^ 
ally  m  dealing  with  outbreaks  of  measles  '  ^ 

It  IS  possible  that,  in  the  light  of  these  records  and  of  further 
work  under  the  new  statutory  and  administrative  conc  it kins 
some  modification  of  the  rules  for  exclusion  and  cdosure  liTen 
in  paragraphs  37  to  54  may  be  indicated.  ^ 
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Gknehal  Con8U)uratu)N8  ak  to  the  Action  to  he  taken  in 
iiEsi'EtT  OF  Infectious  ])ikeases  occuuking  among  School 

ClIIIJ)UEN 

20.  Thero  is  littlo  duuLt  that  iiirection  in  schuola  i.s  spread 
to  a  much  gToater  oxtout  by  iiifoclious  per.suiis  than  ]jy  iiitccted 
thini>s ;  and  that  by  Hystcmatically  oblainini^  the  infonimtion 
as  to  the  int'cctiou.s  cases  indicated  in  panigiviphs  10  to  19,  and 
by  adopting-  the  measures  of  exclusion  of  patients  andjof  recent 
"  contacts  "  with  them  which  are  described  in  paragraphs  37  to 
55,  the  common  sources  of  infection  can  bo  controlled. 

21.  Subject  to  this  chief  consideration,  certain  otlier  adminis- 
trative lines  of  action  may  be  here  indicated.  Disinfection  of 
special  class-rooms  or  of  particular  articles  should  be  under- 
taken when  there  is  reason  to  believe  that  these  have  been 
infected.  A  special  caution  may  be  given  as  to  the  risk  arising 
from  moistening  slates  with  saliva,  or  from  the  use  in  common 
of  penholders  and  pencils  which  are  apt  to  be  put  in  the  mouth  ; 
and  steps  should  be  taken  to  avoid  this. 

22.  Tlie  frequent  and  thorough  washing  of  class-rooms  and 
cloak-rooms  is  an  efficient  means  of  removing  both  dust  and 
infection.  Dry  sweeping,  on  the  other  hand,  tends  to  scatter 
dust. 

23.  Much  can  be  done  to  prevent  the  spread  of  infection  by 
due  attention  to  the  sanitation  and  ventilation  of  schoolrooms 
and  cloakrooms  ;  and,  so  far  as  practicable,  by  preventing 
children  having  to  sit  in  school  in  wet  clothes  or  with  wet  feet. 
Overcrowding  greatly  favours  the  spread  of  infection,  while 
adequate  means  of  ventilation  kept  in  constant  effective  use 
diminish  it.  The  water  supply  of  the  school  should  be  pure  ; 
and  lavatories  and  closets  should  be  kept  in  a  satisfactory  state. 

i,  Excht.sion  of  Individual  Gliildren 

24.  It  ma.y  be  laid  down  as  a  general  principle  that  all 
children  suffering  from  any  dangerous  infectious  disease  (i.e. 
of  a  nature  dangerous  to  some  of  the  persons  attacked  by  it, 
however  mild  in  other  cases)  should  be  excluded  from  school 
until  there  is  reason  to  believe  that  they  have  ceased  to  be  in 
an  infectious  condition  {s'-e  section  126  of  the  Public  Health 
iVct,  187o,  also  section  57  of  the  Public  Health  Acts  Amend- 
ment Acts,  1907  ;  the  latter  section  may  be  put  in  force  in 
any  district  by  order  of  the  L.G.B.). 

Furthermore,  as  it  is  seldom  possible  to  provide  effectual 
separation  of  the  sick  from  the  healthy  within  the  homes  of 
children  attending  publ'c  elementary  schools,  it  is  often  neces- 
sary that  all  children  of  an  infected  household  should  be 
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c'xc-liided  I'roiu  school :  lirsl,  because  otherwise  such  children, 
if  unprotected  by  a  previous  attack,  might  attend  school  while 
sutfeiing  from  the  disease  iu  a  latent  iovm  or  at  an  unrecog- 
nized stage ;  and  secondly,  because  it  is  known  that  infection 
of  certain  diseases  may  attach  itself  to,  and  be  conveyed  bj'', 
the  throat  secretions  or  the  clothes  of  a  i)erson  living  in  an 
infected  dwelling,  even  though  the  person  himself  remain  un- 
aifected.  The  same  considerations  will  sometimes  make  it 
desirable  to  prohibit  the  attendance  at  school  of  children  who 
are  known  to  have  been  in  contact  with  a  source  of  infection  ; 
of  children  of  certain  ages  or  classes;  or  of  children  from  a 
particular  street  or  hamlet. 

2o.  The  mode  of  procedure  as  regards  recognized  disease 
will  depend  on  the  natural  history  of  the  disease  concerned. 
Patients  themselves  must  not  be  allowed  to  attend  school  (a) 
until  free  from  infection,  and  (b)  until  such  disinfection  of 
the  house  and  of  the  patient's  apparel  as  may  be  necessary 
has  been  secured.  It  is  impossible  to  state  exactly  when 
personal  infection  ceases,  and  the  M.O.  H.  must  not  assume 
that  at  the  end  of  the  ordinary  period  of  isolation  danger  to 
others  has,  without  doubt,  entirely  ceased.  It  has  ceased  in 
the  majority  of  instances;  but  in  a  minority  of  cases— for 
instance  of  scarlet  fever  and  of  diphtheria,  whether  treated 
athonre  or  m  an  isolation  hospital-the  child  remains  infectious 
for  a  much  more  protracted  period  ;  and  in  practical  adminis- 
tration this  possibility  must  be  borne  in  mind  and  allowed  for. 

26.  The  action  with  regard  to  healthy  children  in  the 
^me  household  as  the  patient  will  vary  in  different  instances. 
Ihe  usual  procedure  is  to  allow  their  return  to  school  at  an 
intei-val  after  the  removal  or  complete  recovery  of  the  patient 
and  disinfection  of  the  house  a  little  longer  than  themnximum 
known  period  of  incubation  of  the  disease  in  question  In 
view  of  the  occurrence  of  slight  overlooked  cases  and  of 

carrier  cases  of  infection,  it  is  often  advisable  to  prolon- 
to  a  certain  extent,  as  indicated  hereafter,  this  period  of 
exclusion  from  school. 

27.  Exclusion  from  school  of  the  children  of  infected 
househo  ds  most  often  fails  as  a  means  of  preventing  spread 
ot  intection  because  there  are  undiscovered  or  unrecoa-nized 
cases  or  earners  of  infection;  and  its  failure  points  to  the 
contniued  attendance  at  school  of  children  having  recently 
naa  attacks  of  the  prevalent  disease  in  a  mild  or  unrecognized 
lorm,  or  who  without  tliemselves  being  ill  are  carriers  of  in- 
n.^T''',  N  S  unrecognized  cases  are  to  be  sought  especially 
among  (a)  children  attending  school  from  the  same  street  or 
Mcinity  as  the  recognized  patients;  (b)  children  in  the  same 
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class;  and  especially  {<■)  cliildren  who  on  reference  to  the 
school  register  are  found  to  have  returned  to  school  alter  a 
short  absence. 

Although  the  provision  will  probably  be  more  useful  in 
private  schools,  attention  may  bo  drawn  to  section  oH  of  the 
Public  Health  Acts  Amendment  Act,  1907,  whicli,  in  districts 
in  which  it  has  been  put  in  force,  enables  lists  of  scholars,  in 
a  school  in  which  any  scholar  is  suffering  from  an  infectious 
disease,  to  be  obtained. 

ii.  School  Closure 

28.  School  closure  is  occasionally  necessary  on  account  of 
infectious  sickness  in  the  teacher's  family  involving  risk  to 
the  scholars.  It  is  also  occasionally  necessary  to  close  a 
school  or  division  for  one  or  two  days  in  order  that  it  may 
be  disinfected  and  cleansed  after  children  suffering  from  in- 
fectious disease  have  been  in  attendance,  or  to  allow  of  the 
rectification  of  sanitary  defects  of  a  nature  likely  to  contribute 
to  outbreaks  of  disease. 

29.  But,  in  the  absence  of  such  special  and  exceptional 
reasons  for  closure,  it  should  not  often  be  necessary  to  close 
the  school  in  the  interests  of  public  health,  if  the  power  to 
exclude  individual  children  be  used  to  the  best  advantage. 
It  is  only  when  this  less  comprehensive  but  more  discrimi- 
nating and  often  sufficient  action  has  failed  or,  owing  to 
imperfect  co-operation  between  the  public  health  and  the 
school  authorities,  cannot  be  applied  to  the  necessary  extent, 
that  the  question  of  advising  the  S.  A.  to  reqmre  the  closure 
of  the  school  in  the  interests  of  public  health  can  arise. 

30  It  must  be  remembered  that  the  closure  of  the  school 
will  deprive  the  M.O.H.  and  the  S.M.O.  of  information  re- 
specting attacks  in  their  early  stage  or  illness  of  doubttul 
nature  which  would  otherwise  be  obtainable,  and  in  any 
circumstance  will  interfere  seriously  with  the  education  ot 
the  scholars.  Closure,  therefore,  should  be  advised  by  the 
M  O  H  only  in  circumstances  involving  imminent  rislc  ot  an 
epidemic,  and  not  then  as  a  matter  of  routine  nor  ess  there 
be  a  clear  prospect  of  preventing  the  spread  of  intection  such 
as  cannot  be  expected  from  less  comprehensive  action. 

31  School  closure  is  more  likely  to  aid  m  preventing  the 
«nread  of  disease  in  scattered  rural  districts  than  m  towns, 
So  to  the  fewer  opportunities  which  exist  in  the  ormer  for 
XCourse  between  the  children  of  different  households  else- 

"^l^hta^otfbf  borne  in  mind  thatin  such  scattered  rural 
districts  means  of  isolation  and  of  tracing  doubtful  cases  are 
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less  effocfeive.  Hence  school  closure  is  likely  to  continue  to  bo 
needed  somewhat  more  frequently  in  such  districts  than  in 
towns. 

32.  In  places  where  there  are  several  iDublic  elementary 
schools,  if  an  outbreak  of  infectious  disease  be  confined  to  the 
scholars  of  one  laarticular  school,  it  may  be  sufficient  to  close 
that  school  only,  and  even  where  school  closure  is  deemed 
necessary  in  the  case  of  a  particular  school  it  need  not  always 
e-xtend  to  the  whole  school  or  department,  but  may  on  suitable 
occasions  be  limited  to  imrticular  classes  or  departments. 

33.  On  the  other  hand,  where  different  schools  have  all 
appeared  to  aid  in  the  spread  of  disease,  though  peihaps  to  an 
unequal  extent,  it  may  be  considered  advisable  that  all  should 
be  closed,  lest  children  in  an  infectious  state,  who  previously 
attended  the  schools  that  are  closed,  should  be  sent  to  others 
that  might  remain  open.  There  is,  however,  less  likelihood 
than  heretofore  that  such  attendance  will  be  permitted,  and  a 
general  closure  on  this  ground  will  seldom  be  needed. 

34.  Playgrounds  should  not  remain  open  when  schools  are 
closed,  as  Ihey  pro^'ide  a  meeting-place  for  the  children  whom 
it  18  the  object  of  the  closure  to  keep  apart. 

35.  It  may  be  laid  dowu  as  a  general  principle  that  closure 
of  ti  school  or  of  a  particular  class  is  justified  when  the  general 
evidence  pom  Is  to  this  school  or  class  as  the  source  of  infection, 
and  when  cases  of  an  infectious  disease  continue  to  occur  in 
this  class  or  school  after  every  effort  to  discover  the  infecting 
cases  has  been  made.  The  degree  of  application  of  this  prin- 
ciple  to  special  cases  is  discussed  later. 

.1-  ^^"^  M.O.H.,  in  deciding  whether  to  advise 

the  b.  A.  to  require  the  closure  of  a  public  elementary  school,  t 

*  It  is  to  be  understocil  that  the  exchision  of  all  the  children  in  a  nar- 
ticular  class  m  a  department  or  school,  lea\dng  the  othe  childre 
JsTfef  oTit  CcS°  '       ^^'-'tt^'d  ?chool.  is  not  for  the  purposes  of  Artie  ^ 
pro\^sions  ofS  at  ArH^^^^        ?^       department  or  school,  and  that  the 
pio^isions  ot  that  Aiticle  do  not  apply  in  such  cases. 

t  banUary  Authorities  have  no  general  power  in  rcsoeet  of  Snndav 

:S^Jl';;?^e^ti^\%r'"°'^H^^'='l'^ -  ne 
section  Ji  (&)  section  I2b,  or  other  provision  of  the  Public  Health  Act 

J  I,  however,  the  L.G.B.,  on  the  application  of  the  Local  Authoritv 
[oo^'^n^  ^:"''T  °f  ^'^e  Public  I-Iealth  1;°?  AmS  & 


242 


SCHOOLS 


[chap. 


will  be  guided  mainly  Ly  the  consideration  how  best  to  check 
the  spread  of  disease,  other  considerations  may  require  also  to 
be  taken  into  account  by  the  S.M.O.  in  deciding  whether  to 
advise  or  to  approve  action  taken  voluntarily  under  Article 
45  b)  of  the  Code. 

School  attendance  may  l)e  greatly  lowered  during  the  pre- 
valence of  an  infectious  disease,  especially  of  measles  and 
whooping-cough,  and  s' hool  closure  may  then  be  desired  to 
avoid  a  considerable  reduction  in  the  average  attendance.  In 
such  circumstances  a  large  proportion  of  susceptible  children 
have  generally  already  contracted  the  disease  or  been  exposed 
to  infection,  and  the  closure  of  the  school  commonly  does  little 
to  prevent  further  spread  of  the  disease.  Closure  by  the  S.A. 
under  Article  T)?  of  the  Code  is  contemplated  solely  in  the 
interests  of  public  health,  and  apart  from  this  consideration  the 
M.O.H.  is  not  justified  in  advising  closure  to  prevent  financial 
loss  to  the  Locai  Education  Authority. 

The  question  of  closure,  when  that  step  is  not  clearly 
necessary  to  prevent  the  spread  of  disease,  should  therefore  he 
left  to  the  voluntary  action  of  the  Local  Education  Authority 
advised  by  the  S.M.O.  if  he  is  not  himself  M  O.H.  That 
officer,  however,  before  advising  or  approving  closure,  should 
confer  with  the  M.O.H.  on  the  public  health  aspects  of  the 
proposed  closure. 

P\IIT  Iir-EULES  FOR  ACTION  IN  RESPECT  OF 
PARTICULAR     DISEASES     AND     RULES  OF 
OFFICIAL  PROCEDURE 
37  The  diseases  for  the  prevention  of  which  (he  exclusion 
of  particular  children  from  school  or  school  closure  may  be  re- 
n  Hired  are  principally  those  which  spread  by  infection  directly 
f  rom  person  to  person,  such  as  measles,  whooping-cough,  scar- 
let fever,  diphtheria,  epidemic  influenza,  smallpox,  and  rotheln 
(German  measles).    In  rare  cases  the  same  measures  may  be 
necessary  for  enteric  fever  and  diarrhaval  diseases  when  these 
spr  ad  through  the  agency  of  local  conditions,  such  as  infected 

'""^'sS  ^iTthe  light  of  the  general  principles  already  set  out 
the  following  procedure  appears  to  be  indicated  ni  order  to 
enable  the  M.O.H.  or  the  S.M.O.  to  adv.se  as  to  the  mini- 
m  m  duration  of  exclusion  of  school  children  which  can  with 
reasonable  safety  be  adopted  in  the  several  more  common 

Sr^J^i^^^^^^f^^^^^  i'^'l-V  to  private  scliool. 
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infeclioiis  diseases.*  It  should  be  noted  that  although  certain 
recommendations  are  made  as  to  duration  of  exclusion  of  patients 
and  of  "contacts"  with  them,  these  recommendations  are  sub- 
ject to  the  proviso  that  each  case  as  U  occurs  requires  and  should 
receive  individual  consideration. 


Scarlet  Fever 

A.    liuLEs  FOK  Exclusion  or  Indivjduals 
(1)  As  regards  each  child  attached  by  the  disease 
39.  ((/)  When  treated  in  the  isolation  hospital  he  is  usually 
detained  for  about  six  weeks,  and  longer  if  any- 
mucous  discharges  continue.   After  return  home, 
in  view  of  the  occasional  protracted  infectious- 
ness of  patients  with  such  discharges,  and  some- 
times even  of  those  without  them,  a  notice  should 
be  sent  to  the  teacher,  and  a  notice  should  al.-o 
be  given  to  the  parent  to  the  effect  that  the 
patient  should  not  attend  school  for  two  weeks. f 
{h)  When  the  patient  has  been  treated  at  homo  the  same 
rules  apply  exactly,  assuming  that  the  patient 
and  his  rooms  have  been  effectively  disinfected 
after  the  illness  has  ended. 

(2)  As  regards  children  living  in  infected  houses 
40.  (a)  When  the  jjatient  has  been  removed  to  the  isolation 
hospital  the  teacher  and  the  parents  should  be 
instructed  to  keep  all  children  living  in  the  same 
house  away  from  school  for  two  complete  weeks 
from  the  day  on  which  disinfection,  subsequent 
to  the  removal  of  the  patient,  has  taken  place  ; 
and  the  parents  of  all  the  children  in  the  housed 
especially  the  parents  of  the  patient,  should  be 
instructed  to  keep  these  childi-eu  out  of  contact 
wath  other  children  for  the  same  period. 
_     This  interval  although  longer  than  the  longest  recognized 
incubation  period  for  scarlet  fever,  is  desirable  in  the  case  of 

inna  P' t'''-^  connection  tlie  provisions  of  Article  53  (h)  of  the  CocIp  for 
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children  because  of  ilio  oceiisioniil  occurrence  of  anomalous  or 

slight  unrecognized  attacks. 

(b)  When  Ike  pnlicnt  is  treated  at  home  no  other  children 
from  the  same  house  should  attend  school  while 
the  patient  is  infectious,  nor  for  two  weeks  after 
the  end  of  his  period  of  isoktion. 

15.      llULKS  FOR  ClOSUUE  01'  SCUOOL 

41  If  there  is  active  co-operation  hetween  the  school  at- 
tendance officers  and  teachers  and  the  M.O.H  school  closure 
should  only  exceptionally  he  neelcd  for  ^^'^I'l^.t  ^^J^' , -JT^ 
school  this  disease  usually  spreads  slowly  from  child  to  ch  la, 
and  not  in  the  explosive  manner  characteristic^  of  measles. 
Hence  diligent  search  for  slight  cases  ^'^^'''^^^''1^.'^ 
tacts"  should  in  most  instances  render  school  closuie  needles.. 

Diplitlici'is* 

A.    Advantage  of  Bacteuiological  Examination 

42  The  examination  of  the  throats  of  "  contacts,"  when- 
ever practicable,  by  bacteriological  St^^^^ 
aid  to  precautionary  n.easures^  against  the  ^If'^^,^,  .^^^fjj^^^^^^^^ 
Tf  a  DO«itive  result  is  obtained  m  the  case  of  childien  sliowm^ 
no  e^^deni  of  diphtheria,  the  presence  of  some  measure  of  m- 
JectTon  must  be  assumed  though  it  will  not  be  ad^'.sab  e  to 

ns  St  on  the  removal  of  such  patients  to  an  isolation  ho^^^^^^^^^ 
It  is  recoo-nized  that  in  many  sanitary  ai&ti'cts  arian  e 

t!  ^A  °l7:  ^airl  tn  rhildren  who  have  been  absent  without 
fnown  l»rov  ^lo'STvitoce  o.  pallor,  enl.rgec,  glands, 
or  sore  noses. 

B     IluLES  FOR  Exclusion  of  Individuals 
(1)  As  regards  each  child  attacked  by  the  disease 

SouW  not  be  taken  until  at  least  '  o^-ty-p'ghj  bours  ; 
ha°  e  elapsed  since  the  last  application  of  anj 
disinfectant  to  the  throat. 
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In  view  of  the  debility  loft  by  au  attack  of 
diphtheria,  and  the  possible  return  of  infectivity 
in  the  secretions  of  the  noso  or  throat,  a  notice 
should  be  sent  to  the  teacher  staling  that  the 
child  should  not  return  to  school  for  four  weeka 
after  return  home.  * 

{b)  iritcn  the  patient  has  been  treated  at  home  three  suc- 
cessive negative  swabs  should,  when  practicable, 
be  obtained  as  above  ;  and  after  disinfection  of 
the  patient  and  his  rooms  and  belongings,  the 
same  period  of  subsequent  abstention  from  school 
attendance  as  above  should  be  enjoined, 

(2)  As  regards  children  living  in,  infected  houses 
44.  [a)  When  the  patient  has  been  removed  to  the  isolation 
hospital  the  teacher  and  the  parent  should  be 
instructed  to  keep  all  children  living  in  the  same 
house  away  from  school  during  the  next  two 
complete  weeks,  or  even  longer,  unless  these 
children  have  been  cured  by  negative  result  of 
bacteriological  examination. 

This  interval  is  desirable  owing  to  the  fre- 
quent occurrence  of  slight  cases  of  diphtheria 
and  '•  carrier  "  cases. 

[b)  When  the  patient  is  treated  at  home  no  other  child 
from  the  same  house  should  attend  school  while 
the  patient  is  infectious,  nor  for  four  weeks 
afterwards. t 

C.  Rules  for  School  Closure 
45.  Although  diphtheria,  like  scarlet  fever,  and  unlike 
measles,  usually  spreads  comparatively  slowly  in  schools,  it  is 
apt  to  be  very  persistent,  and  not  infrequently  causes  serious 
mortahty,  especially  among  children  under  5  years  old.  For 
these  reasons,  when  cases  of  this  disease  occur  in  an  infant 
school,  there  should  be  no  hesitation  in  excluding  children 
from  attendance  who  are  below  the  age  of  compulsory  school 
atteudance.  This  latter  remark  applies  also  for  measles  and 
whooping-cough. 

Closure  of  other  classes  of  the  school  should  be  resorted  to 
only  after  clinical  examination  and,  where 'practicable,  bac- 
teriological investigation  for  the  detection  of  diphtheria  bacilli 
in  the  pharyngeal  or  nasal  mucus  of  children  who  have  had 

*  aometimes  this  period  may  be  reduced  to  two  weeks, 
t  Sometimes  this  period  may  be  reduced  to  two  weeks. 
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slight  Kore  throats,  and  of  all  other  children  who  have  been  in 
contact  with  diphtheria  patients,  has  been  made. 

The  need  of  protracted  exclusion  from  school  of  recent  diph- 
theria patients  has  already  boim  emphasized.  The  systematic 
use  of  these  jnuasnrcs  sliould  obviate  tlie  need  for  school 
closure  for  diphtheria. 

Other  ]\olinabl<>  OUcases 

46.  Children  coming  from  houses  in  which  have  occurred 
cases  of  erysipelas  or  of  enteric  (typhoid)  fever,  who  are  not 
themselves  ill,  need  not  as  a  rule  be  excluded  from  school. 
Nor  is  school  closure  required  for  either  of  these  diseases,  ex- 
cept in  the  rare  instances  in  which  enteric  fever  is  due  to  some 
condition  directly  connected  with  the  school. 

Measles 

A.    Characteuistics  or  the  Disease 

47.  Certain  facts  need  to  be  borne  in  mind  in  adopting  pre- 
ventive measures  against  measles.  In  towns  the  attack-rate  is 
highest  in  the  third,  fourth,  and  fifth  years  of  life,  while  the 
death-rate  caused  by  the  disease  is  highest  in  the  second  year 
of  life.  After  the  age  of  5  the  death-rate  caused  by  it  is  rela- 
tively very  small.  These  facts  clearly  indicate  the  importance 
of  postponing  an  attack  of  measles,  and  of  adopting  qjecial 
measures  to  ensure  increased  safety  for  children  under  5. 

Persons  seldom  contract  measles  a  second  time,  and,  as  in 
populous  districts  epidemics  commonly  recur  every  two  or 
three  years,  most  of  the  older  children  are  protected  against  it 
bv  having  passed  through  a  previous  attack.  This  rule  may 
not  apply  to  a  country  village,  in  which  epidemics  may  be 
absent  for  a  long  series  of  years. 

The  early  infectiousness  of  measles  while  the  sjnnptoms  are 
only  those  of  a  common  "  cold"  is  another  marked  feature  of 
this  disease,  It  is  not  unlikely  that  a  majority  of  the  total 
cases  are  infected  by  patients  in  this  early  stage.  1  he  incuba- 
tion period  from  infection  to  the  commencement  ot  catarrhal 
symptoms  is  twelve  to  fourteen  days,  with  fair  constancy. 

Although  measles  is  very  infectious  its  infection  does  not 
appear  to  be  long-lived,  nor  to  be  commonly  conveyed  by 
healthy  persons.    It  thus  differs  from  small-pox,  scarlet  fever, 

and  diphtheria.  •  •     +i  „<- 

But  though  there  is  reasonable  ground  for  the  opinion  that 
measles  is  not  readily,  if  at  all,  conveyed  to  school  by  healthy 
children  coming  from  infected  households,  it  is  desirable,  par- 
ticularly in  view  of  the  greater  fatality  of  attacks  of  measles  in 
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children  nnder  7  years  of  age,  to  assume  the  possibility  of 
such  spread  by  intermediaries  in  regard  to  scholars  attending 
the  infant  school,  and  to  act  accordingly  as  stated  below, 

B.    EuLES  von  TJiE  Exclusion  or  Individuals 

(1)  An  regitrds  chUdrcn  s}(ffcriiig  from  the  disease 

48.  Children  attaclced  by  measles  should  be  kept  from 
school  for  four  weelcs. 

(2)  As  )•(•(/ firds  other  chiJdren  lirhit/  in  infected  Jwuses 

49.  In  large  towns,  and  in  the  smaller  districts  in  which 
the  majority  of  children  over  7  years  of  age  who  are 
attending  public  elementary  schools  have  had  measles,  the 
practice  is  frequently  adopted,  when  measles  breaks  out  in  a 
household,  of  excluding  from  school  attendance  only  those 
children  of  the  same  household  who  attend  the  infant  school, 
and  those  older  children  of  the  same  household  who  have  not 
had  measles.  These  particular  children  of  the  same  household 
should  be  excluded  from  school  until  twenty-one  days  from 
the  date  of  onset  of  the  illness  of  the  last  patient  with  measles 
in  the  house. 

50.  The  above  procedure  can  be  recommended  as  the 
result  pf  experience  in  large  districts.  It  is  a  compromise 
which  is  obviously  not  a  counsel  of  perfection,  and  may  need 
future  modification.  Even  under  present  conditions  the  pro- 
cedure may  need  to  be  modified  in  accordance  with  the  special 
circumstances  of  a  particular  district,  with  especial  reference 
to  its  past  history  as  to  measles.  The  schedules  for  the 
medical  inspection  of  school  children,  if  kept  carefully,  will,  in 
course  of  time,  place  at  the  dispos;il  of  the  M.O.H.  and  of  the 
S.M.O.  the  history  of  each  child  as  to  measles  as  well  as  to 
other  infectious  diseases,  and  they  will  thus  be  able  to  decide, 
when  a  case  of  measles  occurs  in  a  particular  class,  which 
scholars  in  that  class  should,  and  which  should  not,  be  ex- 
cluded from  attendance  at  school. 

C.    Rules  for  School  Closukb 

51.  School  closure  has  probably  more  frequently  taken 
place  on  account  of  epidemics  of  measles  than  for  anv  other 
disease,  but  as  the  closure  has  been  commonly  deferred 'until  a 
large  proportion  of  the  children  were  already  absent,  it  has 
proved  useless,  in  populous  districts  at  least,  for  the  purpose  of 
preventing  the  spread  of  the  disease. 

If  measles  is  introduced  into  a  school,  the  first  crop  of 
secondary  cases  will  occur  about  twelve  days  after  the  original 
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case,  iind  in  twelve  days  more  there  will  bo  a  second  crop  com- 
prising the  majority  of  the  unprotected  children.  Thus  school 
closure,  as  ordinarily  practised  iiftor  the  second  crop  of  cases  has 
occurred,  fails  to  prevent  an  epidcnii*;.  In  view  of  this  experi- 
ence a  class  closure  of  short  duration  after  the  occurrence  of  the 
first  case  of  measles  in  the  class  may  be  substituted,  the  class 
being  closed  on  the  ninth  day  after  the  sickening  of  the  first 
child,  for  a  period  of  live  days  only.  After  this  period,  only 
those  who  have  siclcened  need  be  excluded,  along  with  those 
in  the  same  households  who  have  not  had  measles  or  who 
attend  the  infant  school. 

D.    Waknings  to  Parents 

52.  Warning  notices  to  parents  have  been  found  to  be 
valuable  in  preventing  the  spread  of  measles  through  the 
attendance  at  school  of  infecting  children.  These  warnings 
should  be  sent  out  as  soon  as  measles  has  appeared  in  a  class, 
the  parents  being  warned  to  watch  their  children  and  -to  keep 
them  from  school  if  the  slightest  symptoms  of  a  "cold" 
develop  during  the  following  three  weeks. 

The  warning  notice  should  also  suggest  that  the  parent 
should  at  once  inform  the  teacher  if  these  symptoms  develop. 
The  teacher  can  then  report  the  case  to  the  M.O.H.  and  the 
S.M.O. 

Wlioo|>iiig:-€ougli 

53.  The  rules  as  to  exclusion  from  or  closure  of  school  for 
this  disease  should  be  similar  to  those  for  measles,  except  that 
the  infection  of  whooping-cough  probably  lasts  six  weeks, 
and  the  children  in  the  house  who  attend  the  infant  school 
should  therefore  be  excluded  from  school  for  this  period,  or 
as  long  as  the  cough  continues. 

Mumps  and  Chicken-pox 

54.  Three  weeks'  isolation  should  be  allowed  for  cases  of 
mumps,  and  the  same  period,  or  until  all  scabs  have  dis- 
appeared, for  cases  of  chicken-pox.  Inquiry  should  be  made 
as  to  the  vaccination  of  supposed  cases  of  chicken-pox. 

In  chicken-pox  it  is  well  to  exclude  from  attendance  at  the 
infant  school  all  children  of  the  same  family  as  the  patient. 
In  mumps  the  same  practice,  owing  to  the  long  incubation 
period  of  this  disease,  involves  much  greater  interference  with 
school  work;  and,  in  view  of  this  fact  and  of  the  absence  of 
danger  to  life,  the  exclusion  may  be  confined  to  the  patient 
himself. 
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Piilmoiiary  Tiibcrciilosifii 

55.  Pulmonary  tuboi'culosia  in  a  recognizable  form  is  seldom 
a  large  factor  in  school  life.  Where  it  is  known  to  exist, 
either  through  the  medical  inspection  of  children  or  apart  from 
this,  the  affected  scholar  should  be  excluded  from  school  in  his 
own  interest,  and  in  that  of  the  school,  if  the  patient  has 
cough  with  or  without  expectoration. 

General  Notes  as  to  Puocedure 

56.  In  any  case  in  which  the  S.A.  require  the  closure  of 
a  public  elementary  school  the  notice  should  be  addressed  in 
writing  to  the  correspondent  of  the  managers,  and  should  state 
the  grounds  on  which  the  closure  is  deemed  necessary.  It 
should  be  signed  either  by  an  authorized  officer  of  tlie  S.A.  in 
pursuance  of  their  resolution,  or  by  two  members  of  the  S  A 
A  copy  of  the  notice  should  be  sent  to  the  S.M.O. 

All  such  notices  must^  specify  a  definite  time  during  which 
the  school  IS  to  remain  closed ;  this  should  be  as  short  a  period 
as  can  be  regarded  as  sufficing  on  public  health  grounds  since 
a  second  notice  may  be  given  before  the  expiration  of  the  first, 
school  necessary  to  postpone  the  reopening  of  a 

57  Reports  of  M.O.H.  to  S.A.,  advising  the  closure  of  a 
school  or  schools  in  any  district,  are  to  be  treated  as  "  special " 
reports  withm  the  meaning  of  the  General  Order  of  the 
L.G  B  ot  March  23rd,  1891,  and  copies  of  them  are  re- 
quired by  Article  18  (15)  and  (16)  of  that  Order  to  be  sent 
to  that  Board  and  to  the  County  Council.  These  reports 
should  state  the  grounds  upon  which  the  M.O.H  advocates 
the  closure  of  the  school  or  schools  in  preference  to  the  ex 
elusion  of  particular  scholars. 

58.  Any  directions  or  authorizations  given  by  the  S  M  O 
with  respect  to  the  question  of  excluding  individual  scholars 
on  the  ground  that  their  exclusion  is  desirable  to  prevent  the 

him    .n  1  T'^      '""'^'^''^      ^  certificate  s  gned  by 

him    and  a  copy  of  every  certificate  must  be  furnished  to  the 
Local  Education  Authority  (Article  5-3  {b)  of  the  Code  of  1908) 
rhe  certificate  must  be  produced  if  required  to  any  Inspector 
or  officer  of  the  Board  of  Education's  Medical  Department! 

It  is  understood  in  all  cases  that  thoroii-li  disin- 
fection IS  carried  out.  As  a  further  safeguard  it  is 
desirable  to  insist  upon  a  medical  certificate  of  freedom 
from  infection  when  a  child  returns  to  school  after  an 
in  tactions  illness. 
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Typlms  and  enteric  fever  are  not  included  in  the 
list.  They,  of  course,  rarely  require  consideration. 
In  either,  tlirce  weeks  may  be  adopted  as  the 
period  of  ([uarantine  ;  and  four  weeks  as  the  earliest 
date  of  return  to  school  after  an  attack,  if  all  symp- 
toms have  disappeared  and  convalescence  is  complete. 

The  duration  of  ringworm,  ophthalmia,  impetigo, 
and  scabies  is  indefinite  ;  and  children  sutiering  from 
any  of  these  should  be  excluded  until  the  disease  has 
disappeared. 

Inspection  of  scliools.— The  following  schedule 
includes  the  principal  points  that  require  attention  in 
the  sanitary  inspection  of  day  schools  : — 

iVame  o/sc7iooL— Character  (elementarj',  secondary,  technical). 
Local  education  authority.  j.     -i  ^ 

1.  Position  and  surroundings  of  sc/iooZ.— Nature  of  soil  and 

subsoil ;  site,  aspect,  etc.  . 

2.  Playground.  —  Size  ;    covering    of   paving  ;    drainage  ; 

buildings  or  fixtui-es  in  ;  cleanliness. 
3   School  buildings  [plans].— Structure,  entrances,  corridors, 
staircases,    central    hall,   school-rooms,  class-rooms. 
Number  of  storeys.    Infant  schools.    Special  depart- 
ments for  cookery,  laundry  work,  handicraft,  science, 

(«)*^Stmcture.— Condition  of  roofs,  walls,  floors,  ceilings. 
Purpose  of  rooms.  . 

(b)  Cubic  capacities  and  aceommodation  ;  superfaciai  area 
and  cubic  space  per  child.  Overcrowding  m  class- 
rooms. „      1  ^„ 

(c\  Heatino- — Mode,  radiation,  convection;  hre-places, 
stoves,  hot  pipes,  or  other  methods ;  temperature  in 
summer  and  winter.  _ 

Ul)  Lighting.— Mode  ;  degree  ;  windows,  size  and  position  ; 
means  of  artificial  lighting. 

{e)  Ventilation.— Methods ;  natural  or  artificial ;  measure- 
ments of  CO.,.   Standard  may  be  Air  supply. 

(f)  School  furniture  and  fittings.  Desks  and  seats. 
'    Gymnasium.     Teaching  apphances  -  blackboards, 

slates,  pencils,  sponges, 
(r/)  Cleanliness.  -  Arrangements    for;    scrapers.  Diy 
cleaning.    Periodical  disinfection. 
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4.  General    saiii/ation.  —  Eefnse    removal  ;    receptacles  ; 

ashpits,  structure  and  condition  of ;  sanitary  con- 
veniences (water  or  earth)  ;  separation  of  sexes'; 
type  and  character ;  number;  condition;  arrangement; 
position  ;  urinals,  accommodation,  flushing  ;  drainage  ; 
surface  and  soil  drains  ;  rain  water  ;  sink  wastes  ;  cess- 
pits (cover,  structure,  cleansing)  ;  relation  to  well  and 
land  drainage  ;  disconnection  and  ventilation  ;  trapping, 
testing,  etc. 

5.  Lavatory,  bath-  and  cloak-room  accommodation. — Position  ; 

structure  ;  number  of  basins ;  water  supply  ;  towels  ; 
clothes-hooks  ;  drying  arrangements  ;  size,  heating,  and 
ventilation  of  cloak-room.  Baths. 

6.  Water  supply  .—What  provision ;    if  well,  position  and 

covering;  surroundings  of  well;  quantity  and  adequacy 
of  supply.  Playground  tap.  Water-filters.  Storage 
and  distribution. 

7.  Master's  house.— Vosition,  size,  accommodation;  general 

sanitation.    Teachers'  rooms  and  accommodation. 

8.  <9<?«er«^.— Number  of  teachers  to  scholars.    Number  on 

roll  and  average  attendance.  System  of  medical  inspec- 
tion  in  vogue.  General  result  of  records  as  to  personal 
hygiene  of  children.  Infectious  diseases.  flours  of 
school  and  playtime.  Physical  exercises.  Attitude  of 
children  in  school. 

The  medical  iiigpectioii  of  school  children. 

-—School  doctors  were  tirst  appointed  in  Sweden  in 
1840  (in  connexion  with  training  colleges),  and  in 
1883  at  Frankfort.  Systematic  medical  inspection 
was  nitroduced  at  Wiesbaden  in  1896,  and  the 
methods  then  adopted  became  general  in  the  large 
towns  of  Germany.  Practical  interest  had  be?n 
taken  ni  the  question  in  England  from  1880  onwards, 
in  1890  a  medical  officer  was  appointed  by  the 
London  School  Board,  and  in  1907  Parliament  insti- 
tuted a  national  School  Medical  Service,  which  proved 
m  fact  to  be  the  first  national  system  of  school 
doctors. 

A.f'^^Q'n7''*l°''i,*'^  Education  (Administrative  Provisions) 
^ecHom'^^r?'  concerns  medical  inspection  of  school  children 
(section  13)  is  as  follows  :  
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13.  (1)  The  powers  and  duties  of  a  Local  Education 
Authority  under  Part  III.  of  the  Education  Act,  1902,  shall 
include — 

[{a)  Power  to  provide  for  children  attending  public 
elementary  schools,  vacation  schools,  vacation  classes,  play 
centres,  etc."] 

(i)  The  duty  to  provide  for  the  medical  inspection  of  children 
immediately  before  or  at  the  time  of  or  as  soon  as  possible 
after  their  admission  to  a  public  elementary  school,  and  on 
such  other  occasions  as  the  Board  of  Education  direct,  and  the 
power  to  make  such  arrangements  as  may  be  sanctioned  by  the 
Board  of  Education  for  attending  to  the  health  and  physical 
condition  of  the  children  edm  ated  in  public  elementary  schools  : 
Provided  that  in  any  exercise  of  powers  under  this  section  the 
Local  Education  Authority  may  encourage  and  assist  the  estab- 
lishment or  continuance  of  voluntary  agencies,  and  associate 
with  itself  representatives  of  voluntary  associations  for  the 
purpose. 

The  Board  of  Education  have  issued  a  series 
of  official  Memoranda  (Circulars  576  [1907],  582, 
and  596  [1908])  suggesting  at  least  three  medical 
inspections  of  each  child  during  school  life.  The 
Code  of  Regulations  for  Public  Elementary  Schools 
(1911-12)  sets  out  clearly  the  requirements  in  re- 
spect to  school  hygiene  and  medical  inspection  now 
imposed  upon  all  the  322  Local  Education  Authorities 
which  are  responsible  for  the  State  system  of  educa- 
tion throughout  England  and  Wales,  and  it  will  be 
convenient  to  quote  these  rec^uirements  fully  :— 

The  Teaching  of  Hy(jiene  and  Physical  Training 
2  In  schools  for  older  scholars  the  subjects  described  below 
should  be  taught  in  a  manner  suitable  to  the  age  and  capacity 
of  the  several  classes.  It  is  not  necessary  that  all  the  subjects 
should  be  taught  in  every  class,  and  the  c.irriculum  as  a  whole 
may  be  modified  when  the  Board  are  satisfied  that  the  needs 
of  the  scholars  or  the  circumstances  of  the  school  require  it.  .... 

(9)  Evqier^e  and  physical  training,  including  exercises  m 
proper  breathing;  instruction  adapted  to  the  ages  and  sexes 
of  the  scholars  in  the  elementary  rules _  of  personal  health, 
particularly  in  respect  of  food,  drink  (includmg  alcohol  ), 
*  Lessons  in  "  Temperance,"  where  given,  should  be  in  conformity 
with  the  Official  Syllabus  dated  1st  June,  1909. 
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clothing,  cleanliness,  "and  fresh  air ;  and  careful  cultivation 
of  a  correct  posture  ^at  writing  and  other  lessons.  In  any 
course  of  j^hj  sical  exercises  the  general  i^hysical  development 
of  the  scholars  should  be  aimed  at,  and  the  official  syllabus 
of  physical  training  should  be  followed.  'J'lie  scholars  of  any 
scliool  not  situated  wholly  on  a  ground  floor  should  be  prac- 
tised in  fire-drill.  Instruction  and  practice  in  swimming  may 
also  be  included  in  the  time-table. 


SanUa(io)/  of  School  Fremlses 

18.  The  premises  of  the  school  must  be  healthy,  safe  in 
case  of  fire,  must  have  suitable  and  sulliuient  sanitary  and 
cloakroom  accommodation  for  the  scholars  in  attendance  and 
for  teachers,  must  be  adequately  lighted,  warmed,  ventilated, 
cleaned,  and  drained,  must  be  kept  in  proper  repair,  and  must 
be  sufficient,  convenient,  and  suitably  arranged  for  the  instruc- 
tion of  the  children  in  attendance  according  to  their  age. 

Provisio)i  for  Medical  Inspection  ' 

25. — ((')  Every  school,  department,  or  infants'  division 
must  comply  with  such  conditions,  regulations,  and  require- 
ments imposed  by  the  Education  Acts  as  are  applicable  to 
the  type  of  school  in  question.  Satisfactory  provision  must 
be  made  for  the  medical  inspection  of  children  attending  the 
school  in  accordance  with  section  13  (1)  (b)  of  the  Education 
(Administrative  Provisions)  Act,  1907. 

58. — (a)  Arrangements  must  be  made,  so  far  as  practicable, 
for  caiTying  out  the  work  of  medical  inspection  in  the  school 
premises,  and  the  managers  shall  give  such  reasonable  facilities 
as  are  required  by  the  Local  Education  Authority  for  the 
purpose. 

(Ij)  The  Board  must  be  satisfied  that  provision  has  been 
made  for  the  medical  inspection  of  all  children  admitted  to 
the  school  in  the  year,  and  of  all  children  who  are  expected 
to  leave  school  in  the  year— the  year  in  each  case  being  the 
twelve  months  ending  on  the  31st  of  July. 

44.— (//)  Any  period  occupied  by  a  medical  inspection  of 
scholir.s  conducted  by  or  under  the  authority  of  the  Local 
Education  Authority  in  pursuance  ot  the  requirements  of 
section  13  of  the  Education  (Administrative  Provisions)  Act, 
1907,  whether  such  inspection  is  conducted  in  the  school 
premises  or  (in  special  circumstances)  in  some  other  place 
appomted  for  the  purpose  of  the  Local  Education  Authority 
with  the  approval  of  the  Board. 
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Attendance  at  Oj)e>i-Air  Schools 

44.  In  making  up  the  minimum  time  required  in  order 
that  an  attendance  may  be  reckoned  for  grant  there  may  be 
included — 

iff)  Any  time  spent  during  the  ordinary  school-term  under 
arrangements  and  according  to  a  time-table  ai^proved  by  the 
Board  at  an  open-air  school,  school  camp,  or  other  place 
selected  with  a  view  to  an  improvement  of  the  health  and 
physical  condition  of  the  children. 

The  Board  may  at  any  time  require  the  L  )cal  Education 
Authority  to  furnish  them  with  a  special  report  by  the 
S.M.O.  on  the  working  and  effect  of  any  arrangements  made 
under  this  Article. 

The  School  Medical  Officer 

For  the  purposes  of  this  Code  "  School  Medical  Officer  " 
means  a  medical  officer  named  by  the  Local  Education 
Authority,  and  recognized  as  such  by  the  Board.  In  excep- 
tional cases  the  Board  will  recognize  separate  S.M.O.  for 
separate  parts  of  one  area. 

Closure  of  School  and  Exclusion  of  Children 

45.  The  school,  department,  or  infants'  division  must  have 
met  not  less  than  400  times  in  the  school  j'ear. 

{b)  If  the  requisite  number  of  meetings  has  not  been  held 
owing  to  a  closure  of  the  school  under  Article  57,  or  under 
the  advice  or  with  the  approval  of  the  S.M.O.,  or  for  any 
other  unavoidable  cause,  the  grant  may  be  paid  in  full,  pro- 
vided that  the  requirements  of  this  Article  are  satisfied  after 
an  allowance  of  nine  meetings  has  been  made  for  each  week 
of  such  closure. 

53. — [a)  No  child  may  be  refused  admission  to  a  Public 
Elementary  School  on  other  than  reasonable  grounds. 

{b)  Where  the  Board  are  satisfied  (i)  that  proper  arrange- 
ments have  been  made  by  the  Local  Education  Authority  for 
enabling  the  S.M.O.  to  ascertain  and  certify  cases  in  which 
the  exclusion  of  children  from  school  is  desirable,  and  (ii) 
that  the  S.M.O.  has  authorized  the  exclusion  of  certain 
children  from  the  school — 

(1)  on  the  ground  that  their  exclusion  is  desirable  to  pre- 
vent the  spread  cf  disease,  or 

(2)  on  the  ground  that  their  uncleanly  or  verminous  con- 
dition is  detrimental  to  the  other  scholars,  or 

(3)  on  the  ground  that,  owing  to  their  state  of  health  or 
theii-  physical  or  mental  defects,  they  arc  incapable  of 
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receiving  proper  benefit  from  the  instruction  in  the 
school, 

the  exclusion  of  such  children  shall  be  deemed  for  the  purposes 
of  this  Code  to  be  exclusion  on  reasonable  grounds. 

For  the  purposes  of  this  provision  the  Local  Education 
Authority  may  direct  that  no  childi-en  who  have  been  ex- 
cluded under  the  authority  of  the  S.M.O.  or  under  Article 
57,  or  who  have  been  absent  from  school  owing  to  sickness, 
shall  be  re-admitted  to  school  if  the  S.M.O.  is  not  satisfied 
that  they  can  attend  school  without  risk  to  themselves  or 
others. 

Every  direction  or  authority  given  by  the  S.M.O.  must 
be  embodied  in  a  certificate  signed  by  him.  A  copy  of  every 
certificate  must  be  furnit-hed  to  the  Local  Education  Authority 
and  must  be  produced,  if  required,  to  any  inspector  or  officer 
of  the  Board's  Medical  Department. 

57.  If  the  S.A.  of  the  district  in  which  the  school  is 
situated,  or  any  two  members  thereof,  acting  on  the  advice  of 
the  M.O.H.  require  either  the  closure  of  the  school  or  any 
department  thereof  or  the  exclusion  of  certain  children  for 
a_  specified  time,  with  a  view  to  jn-eventing  Ihc  spread  of 
disease  or  any  danger  to  health  likely  to  arise  from  the  con- 
dition of  the  school,  such  requirement  must  at  once  be  complied 
with. 


The  School  Medical  Service  has  been  organized  as 
a  part  of  the  Public  Health  Service  and  not  upon  an 
ad  hoc  basis.  In  the  large  majority  of  areas  there  is 
complete  unification  of  the  two  medical  services,  and 
in  other  areas  there  is  a  greater  or  less  degree  of 
co-ordination.  The  administrative  medical  officer 
responsible  is  known  as  the  "  School  Medical  Officer," 
who  reports  annually  to  his  Authority  and  to  the 
Board  of  Education.  In  many  areas  there  are 
Assistant  Medical  Officers,  school  nurses,  attendance 
officers,  and  various  types  of  voluntary  workers  who 
assist.  There  are  upwards  of  900  medical  officei's 
engaged  in  tlie  School  Medical  Service,  of  whom 
women.  The  statutory  medical  inspection, 
which  IS  usually  carried  out  on  the  schcol  premises, 
takes  account  of  the  following  points  in  each  child  •— 
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(a)  Name,  age,  address,  school,  date  of  inspection, 
standard,  clothing  and  foot-gear. 

(b)  Personal  history,  previous  illnesses  (measles, 
whooping-cough,  chicken-pox,  scarlet  fever, 
diphtheria  and  other  illnesses),  and  family 
medical  history. 

(c)  General  conditions — height,  weight,  nutrition, 
cleanliness. 

{d)  Special    conditions — teeth,  nose  and  throat 
(tonsils,  adenoids,  glands)  eye  disease,  vision, 
ear  disease,  hearing,  speech,  mental  condition, 
(e)  Disease  and  deformity — including  condition  of 
heart  and  circulation,  lungs,  nervous  system, 
tuberculosis,  rickets,  deformities,  spinal  disease, 
infectious  or  contagious  disease,  and  any  other 
disease  and  defect  present. 
As  a  result  of  medical  inspection  it  has  been  found 
(1910)  that  out  of  the  six  million  children  in  the 
elementary  schools  of  England  and  Wales  about  10 
per  cent,  suffer  from  serious  defects  in  vision,  3—5 
per  cent,  from  defective  hearing,  20—40  per  cent, 
from  extensive  decay  of  the  teeth,  and  8—10  per  cent, 
from  obstructive  adenoids ;  about  1  per  cent,  have 
ringworm  ;  3  per  cent,  have  suppurating  ears,  1  per 
cent,  have  recognizable  tuberculosis,  2  per  cent,  have 
heart  disease,  and  40  per  cent,  have  unclean  heads. 

The  procedure  in  regard  to  these  defects  is  as 
follows :  The  Local  Education  Authority  are  re- 
sponsible for  the  medical  inspection  through  the 
S.M.O.  who  reports  to  the  Authority  his  findings 
in  respecb  of  individual  children ;  it  is  for  the 
Authority  to  communicate  the  findings  to  the  parents 
or  guardians  of  the  child,  whose  duty  it  is  to  obtain 
the  necessary  treatment.  In  order  to  ensure  that 
defective  children  receive  the  treatment  they  require, 
it  is  necessary  to  "  follow  up  "  the  case  and  in  due 
course  to  re-examine.    In  this  proceeding  the  parent, 
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teacher,  scliool  nurse,  attendance  officer,  and  school 
doctor  all  take  a  share.  The  work  is  frequently  or- 
ganized under  Care  Committees,  who  also  make  them- 
selves responsible  for  the  management  of  school 
feeding,  aftei'-care  work,  employment  of  children,  etc. 

Medical  treatment  of  school  children.  

Local  Education  Authorities  have  "the  power  to 
make  such  arrangements  as  may  be  sanctioned  by 
the  Board  of  Education  for  attending  to  the  healtla 
and  physical  condition  "  of  children  in  the  public 
elementary  schools  ;  in  other  words,  to  treat  in  greater 
or  less  degree  the  defects  found  on  inspection.  It 
may  be  convenient  for  purposes  of  reference  to  quote 
the  eight  classes  or  groups  of  methods  which  in  the 
Board's  view  should  be  followed  by  Local  Education 
Authorities  desiring  to  undertake  ameliorative  work  : 
(Ij  Imjnovenient  of  school  arrangements,  including 
the  sanitation  of  premises,  curriculum,  physical  exer- 
cises, open-air  classes  and  schools,  and  school  hygiene 
generally.    (2)  Exercise  of  poioers  under  special  Acts 
relating  to  school  children,  particularly  such  legislation 
as  the  Elementary  Education  (Blind  and  Deaf  Chil- 
dren) Act,  1893,  the  Elementary  Education  (Defec- 
tive and  Epileptic  Children)  Act,  1899,  the  Education 
(Provision  of  Meals)  Act,  1906,  and  the  Children 
Act,  1908.    (3)  Co-overation  loith  the  S.A.  in  regard 
to  the  prevention  of  the  spread  of  infectious  diseases, 
disinfection,  sanitation  of  school  premises,  and  various 
questions  of  domestic  and  home  hygiene.    (4)  Direc- 
tions to  the  parents  as  to  the  desirability  of  first  seek- 
ing treatment  for  their  children  by  their  own,  or 
the  nearest,  medical  practitioner.     (5)  The  uses  and 
advantages  of  the  school  nurse.    (G)  The  provision  of 
suitable  spectacles  at  reduced  rates,  or  in  necessitous 
cases  free  of  charge,  to  those  children  requiring  them. 
(7)  2 he  making  of  contributions  to  hos2ntals,  dispen- 
saries, and  nursing  and  children's  care  associations. 
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The  Board  have  made  it  permissible  for  Authorities 
to  include  among  the  conditions  of  contribution  to 
this  kind  of  institution  a  provision  allocating  reason- 
able remuneration  to  the  medical  staff  responsible  for 
carrying  out  the  treatment  provided.  (8)  Lastly,  the 
Board  have  been  prepai-ed  to  consider  the  establish- 
ment of  school  clinics  managed  by  Local  Education 
Authorities — both  general  clinics  and  dental  clinics. 

It  will  be  seen  that  a  broad  view  has  been  taken 
of  the  meaning  and  scope  of  ti'eatment,  which  has 
been  regarded  also  as  including  preventive  measures. 
Many  Education  Authorities  have  availed  themselves 
of  these  various  means  of  treatment,  and  either  at 
hospitals  or  school  clinics  many  thousands  of  children 
have  been  treated,  and  thus  adenoids  have  been 
removed,  ringworm  has  been  treated  by  X-rays,  errors 
of  refraction  corrected,  and  conservative  dentistry 
commenced. 

The  Local  Education  Authorities  (Medical  Treat- 
ment) Act,  1909,  requires  that  where  a  provision  is 
made  by  the  Authority  for  medical  treatment  there 
shall  be  charged  to  the  parents  some  amount  not 
exceeding  cost.  Payment  may  be  remitted  if  the 
Authority  are  satisfied  that  the  family  is  necessitous. 

Special  schools  for  defective  children.— 
A  substantial  amount  of  direct  and  indirect  treat- 
ment has  been  provided  for  blind  and  deaf  chil- 
dren and  for  mentally  and  physically  defective  and 
epileptic  children  found  in  the  elementary  schools. 

IVie  Elementary  Education  [Blind  and  Deaf 
Children)  Act,  1893,  places  upon  the  parent  and 
School  Authority  the  responsibility  of  education  of  a 
child  who  is  blind  or  deaf.  The  Authority  must 
obtain  suitable  education  for  such  child  in  a  school 
certified  by  the  Board  of  Education,  either  established 
by  the  Authority  or  receiving  contributions  from  such 
Authority  with  or  without  representation.    Two  or 
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more  Authorities  may  combine  for  tins  jDurpose.  The 
period  of  compulsory  education  must  extend  to  16 
years. 

The  Elementary  Education  {Defective  and  E2nlei)tic 
Children)  Act,  1899,  is  adoptive  only,  and  gives  power 
to  a  School  Authority  to  determine  what  children  in 
its  district  are  defective  and  epileptic.     "  Defective  " 
children  are  those  who  "by  reason  of  mental  or 
physical  defect   are  incapable  of  receiving  proper 
benefit  from  instruction  in  the  ordinary  public  ele- 
mentary schools,"  and  the  defect  must  be  certified 
by  a  medical  practitioner  approved  by  the  Board  of 
Education.     Authorities   may  make  provision  for 
education  of   such  children    by  providing  or  con- 
tributing to  special  classes  or  schools  for  the  purpose, 
with  or  without  "  boarding-out  "  accommodation,  and 
periodically  shall  examine  medically  such  children  to 
ascertain  whether  they  are  fit  for  ordinary  school. 
The  parent  is  obliged  to  send  his  defective  child 
to  such  special  school,   which  shall  be  entitled  to 
grants-in-aid  and  the  receipt  of  payments  from  parents 
or  Poor  Law.    Compulsory  education  extends  under 
this  Act  also  to  16  years, 

Under  these  two  Acts  39  schools  exist  (1911)  for 
the  blind,  48  for  the  deaf,  162  for  the  feeble-minded, 
52  for  the  physically  defective,  and  6  for  epileptics. 
Some  of  these  are  residential  schools  of  the  nature  of 
"colonies."  There  are  also  a  number  of  open-air  schools, 
etc.  Not  less  than  20,000  children  are  educated  in 
these  "special  schools,"  which  are  controlled  by  special 
regulations  under  the  Board  of  Education  and  re- 
ceive additional  grants-in-aid.  Appropriate  methods 
of  education,  including  manual  work,  are  adopted 
and  medical  examination  takes  place  annually.  ' 

The  London  County  Council  (General  Powers) 
Act,  1907  (sections  36  and  38),  provides  for  exami- 
nation and  cleansing!  of  verminous  school  children, 
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and  the  General  Powers  Act  of  1908  (section  6)  em- 
powers S.A.  in  London  to  appoint  health  visitors  for 
the  proper  nurture,  care  and  management  of  young 
children  and  the  promotion  of  cleanliness.  Under 
this  Act  the  L.G.B.  have  issued  the  Health  Visitors 
(London)  Order  of  1909,  making  regulations  for  such 
appointments.  The  Piii)lic  Health  Acts  Amendment 
Act,  1907,  requires  for  the  S.A.  lists  of  school  children 
suffering  from  infectious  disease  and  their  exclusion 
from  school.  The  Education  (Provision  of  Meals) 
Act,  1906,  provides  for  feeding  school  children  under 
certain  conditions  with  or  without  payment  by  parents, 
and  upwards  of  ten  million  meals  are  supplied  every 
year  out  of  the  Education  Rate.  The  Children  Act, 
1908  (sections  12  and  122),  deals  with  neglected  and 
verminous  children  {see  p.  643). 

Children  under  the  poor  law. — There  are 
some  70,000  children  in  poor  law  institutions  (work- 
houses, sick  asylums,  certified  schools,  district  schools, 
etc.),  and  184,000  more  children  receive  relief  in  one 
form  or  another.  (For  particulars  concerning  these 
schools  see  Children  under  the  Poor  Laio,  L.G.B. 

Circular,  1910.) 

Teachingof  hygiene  andphysical  training;. 

—Article  2  (9)  of  the  Code  of  Regulations  for_  Ele- 
mentary Schools  governs  the  teaching  of  these  subjects, 
and  under  it  three  special  syllabuses  have  been  drawn 
up  by  the  Board  of  Education  for  lessons  in  hygiene, 
temperance,  and  physical  exercise.  The  Syllabus  of 
"  Temperance  "  Teaching  is  designed  for  actual  use  in 
the  school,  but  the  Lessons  in  Hygiene  and  Physical 
Training  have  relation,  in  the  first  instance,  to  the 
necessities  of  students  in  training  for  teachers  (col- 
legiate and  non-collegiate).  The  Syllabus  of  Physical 
Exercises  (1909)  is  based  upon  the  Swedish  system, 
and  contains  a  series  of  model  tables  of  exercises, 
dancing   steps,  and  organized   games   suitable  for 
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elementary  and  secondary  schools.  The  Board  have 
also  issued  instructions  for  the  teaching  of  infant 
care  and  management  to  elder  girls,  in  conjunction 
with  housewifery  or  independently. 

School  Medical  Officer's  annual  report. 
— As  regards  the  scope  of  the  report,  the  Board  of 
Education  consider  it  desirable  that  it  should  deal 
with  the  whole  subject  of  School  Hygiene,  and 
should  cover  as  much  as  possible  of  the  ground  indi- 
cated under  the  following  heads  : — 

(a)  General  review  of  the  hygienic  conditions 
prevalent  in  the  schools  in  the  area  of  the  Local 
Education  Authority  in  respect  of  such  matters  as 
surroundings,  ventilation,  lighting,  warming,  equip- 
ment, and  sanitation,  including  observations  on  the 
type  and  condition  of  sanitary  conveniences  and 
lavatories,  water  supply  for  washing  and  drinking 
purposes,  the  cleanliness  of  schoolrooms  and  cloak- 
rooms, arrangements  for  drying  children's  cloaks 
and  boots,  and  the  relation  of  the  general  arrange- 
ments of  the  school  to  the  health  of  the  children. 

(b)  General  description  of  the  arrangements  wdiich 
have  been  made  for  the  co-relation  of  the  School 
Medical  Service  with  the  Public  Health  Service  and 
for  the  organization  and  supervision  of  medical  in- 
spection, and  an  account  of  the  methods  of  inspection 
adopted,  including — 

(i)  The  Schedule  of  Medical  Inspection  in  use ; 

(ii)  the  assistance  given  to  the  S.M.O.  and 
his  assistants  by  nurses,  managers  of  schools, 
teachers,  attendance  officers,  or  other  persons  ; 

(iii)  the  methods  adopted  for  securing  the 
presence  of  parents  at  the  inspection  and 
their  co-operation  in  the  subsequent  treat- 
ment of  defects,  together  with  a  review  of 
the  effect  of  such  methods ;  (iv)  the  extent 
to  which  disturbance  of  school  arrangements 
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was  involved  by  the  inspection.    (Art.  43  (b) 

and  44  (h)  of  Code  of  1908.) 
eneral  statement  of  the  extent  and  scope  of 
the  medical  inspection  carried  out  during  the  year, 
including — 

(i)  The  number  of  visits  paid  to  schools  and 
departments ;  (ii)  the  principle  on  which 
children  have  been  selected  for  inspection  (at 
entrance,  before  leaving,  by  selection  accord- 
ing to  ages  or  otherwise)  ;  (iii)  the  number 
of  children  inspected  (classified  for  age  at  date 
of  inspection  and  for  sex) ;  (iv)  the  number 
of  children  referred  for  subsequent  or  further 
examination;  (v)  the  number  of  children  in 
respect  of  whom  directions  were  given  for 
treatment  of  defects,  including  a  classified 
statement  of  such  defects  ;  (vi)  the  average 
time  per  head  occupied  by  inspection. 

(d)  General  review  of  the  facts  disclosed  by 
medical  inspection,  under  the  headings  contained  in 
the  schedule  to  Cii'cular  582. 

(e)  General  review  of  the  relation  of  home  cir- 
cumstances and  social  and  industrial  conditions  to 
the  health  and  physical  condition  of  the  children 
inspected,  so  far  as  facts  bearing  on  this  point  have 
come  under  notice. 

(_/)  Review  of  the  methods  employed  or  available 
for  the  treatment  of  defects,  such  as  defective  eye- 
sight, carious  teeth,  nasal  obstruction  or  adenoids, 
tonsillitis,  discharging  ears,  pediculosis,  ringworm, 
and  other  skin  diseases,  including  an  account  of  the 
action  of  school  nurses  in  obtaining  or  assisting  in 
the  treatment  of  such  defects. 

(g)  Review  of  action  taken  to  detect  and  prevent 
the  spread  of  infectious  diseases,  including  reference 
to  action  taken  under  Articles  45  (6),  53  [b),  and 
57  of  the  Code  of  1908. 
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(A)  Review  of  the  methods  adopted  and  the 
adequacy  of  sucli  methods  for  dealing  with  blind, 
deaf,  mentally  or  physically  defective  and  epileptic 
children  under  the  Acts  of  1893  and  1899. 

(i)  Review  of — 

(i)  The  methods  and  results  of  instruction  in 
personal  hygiene  and  temperance  in  the  public 
elementary    schools   in  the    area ;    (ii)  the 
methods  and  results  of  physical  or  breathing 
exercises  in  the  schools ;  (iii)  arrangements 
for  open-air  schools,  school  camps,  &c.,  under 
Article  44  (g)  of  the  Code  of  1908. 
(j)  Account  of  miscellaneous  work,  such  as  the 
examination  of  scholarship  candidates,  pupil-teachers, 
or  teachers  of  any  grade. 

Two  complete  sets  of  any  forms  used  by  the  Local 
Education  Authority  in  connexion  with  the  School 
Medical  Service  should  be  sent  to  the  Board  together 
with  the  report. 


CHAPTER  VIII 

HOSPITALS 

Oeiieral  considerations.— All  that  has  been  said 
in  respect  of  site,  surroundings,  and  construction  of 
houses  applies  with  still  greater  force  to  hospitals. 
Pure  air  and  light  are  of  especial  importance  in  sick 
wards,  that  are  occupied  day  and  night.  The  site 
should  be  as  dry  and  open  as  possible,  preferably  on 
a  porous  subsoil,  not  exposed  to  smoke  or  effluvium 
borne  by  wind,  and  not  unduly  sheltered  by  trees, 
buildings,  or  hills.  If  practicable  the  site  should  be 
open  to  the  south  and  west,  and  convenient  of  access. 

Wards. — Long  wards  should  face  east  and  west 
so  as  to  admit  sun  on  each  side  alternately,  and 
if  any  deviation  is  necessai'y  it  should  preferably  be 
such  as  to  give  a  south-east  and  north-west  aspect 
[Thorne-Thorne).  Single-storey  hospitals  are  prefer- 
able, as  affording  the  freest  circulation  of  air.  Each 
ward  is  then  completely  detached  from  the  rest,  and 
the  absence  of  stairs  is  advantageous ;  but  from 
motives  of  economy  and  convenience  of  concentration 
two  or  more  storeys  are  usually  built. 

Small  wards  are  inevitable  in  cottage  hospitals, 
and,  indeed,  in  all  hospitals,  since  provision  has  to  be 
made  for  the  isolation  of  severe  or  infectious  cases, 
and  for  the  classification  of  patients  according  to  sex, 
and  sometimes  according  to  disease.  As  a  genei-al 
proposition,  however,  large  wards  are  more  readily 
ventilated,  warmed,  and  lighted,  more  economical  in 
construction  and  management,  and  more  convenient 
as  regards  nursiug, 
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For  long  wards  the  width  should  be  24  to  30  feet,  the 
height  13  to  1 4  feet,  and  the  length  such  as  to  allow  a  cubic  space 
per  patient  of  at  least  1,200  feet.  Not  less  than  2,000  feet  is  con- 
sidered necessary  in  an  infectious-diseases  or  lying-in  hospital, 
or  for  severe  surgical  cases.  It  is  not  permissible  to  obtain  this 
space  by  increasing  the  height.  As  already  explained,  ex- 
treme height  is  of  little  utility  as  regards  ventilation,  and  in 
hospitals  it  is  essential  to  have  plenty  of  floor  space  around 
each  bed.  For  nursing  purposes  at  least  90  square  feet  per 
bed  is  necessary,  and  more  will  be  required  if  the  ward  is 
largely  used  for  clinical  teaching.  Wherever  there  is  any 
possibility  of  septic  or  other  infection,  as  for  example  in 
surgical  wards,  lying-in  wards,  and  wards  for  infectious  dis- 
eases, wide  separation  of  beds  is  important.  In  such  cases 
12  feet  of  wall  and  130  to  140  feet  of  floor  space  should  be 
allowed.  It  is  found  that  for  convenience  in  nursing  the 
number  of  beds  in  one  ward  should  not  exceed  32,  and  usually 
24  or  28  would  be  preferable. 

The  beds  are  arranged  with  their  heads  to  the  wall,  facing 
into  the  wiird.  Each  bed  should  be  placed  between  two 
adjoining  windows,  the  space  between  the  windows  being  not 
less  than  a  foot  wider  than  the  bed.  At  most  two  beds  may  be 
allowed  in  one  space,  the  intet  val  between  them  being  at  least 
three  feet.  The  intervals  between  the  windows  of  a  ward 
should  be  such  as  to  allow  of  this  arrangement.  The  windows 
should  reach  to  within  a  foot  of  the  ceiling. 

All  the  surfaces  sliould  be  impei'vious,  smooth,  and 
washable,  and  all  ledges,  crevices,  and  stagnant  corners 
in  which  dust  may  lodge  must  be  avoided.  The  floors 
may  be  paraffined  or  vv'axed,  the  walls  lined  with  tiles 
or  glazed  brick  or  Parian  cement,  or,  in  the  absence  of 
such  materials,  simply  painted. 

Heating^  and  ventilation.— The  heating  may 
be  effected  by  open  fire-places  or  ventilating  stoves,  or 
both,  and  it  is  well  to  have  in  addition  coils  of  steam 
or  hot- water  pipes  with  radiators  in  corridors.  Venti- 
lation must  be  provided  for  to  the  extent  of  at  least 
3,000  feet  per  head  per  hour,  and  it  may  be  taken  as 
a  safe  rule  that  the  whole  air  of  the  ward  ought  to  be 
changed  thrice  hourly,  so  that  the  hourly  supply  of 
fresh  air  should  be  three  times  the  cubic  capacity  of 
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the  ward.  Ventilation  may  Ije  l)y  windows  on 
opposite  sides  of  the  ward  ;  the  windows  should  Ije 
double-hung  sashes  with  fanlight  above,  falling  in- 
wards, hopper  fashion,  with  side  cheeks  to  prevent 
down-draught.  One  square  foot  of  window  to 
every  70  cubic  feet  of  ward  space  is  a  suitable  propor- 
tion. Extraction  may  be  provided  for  by  fire-places, 
stoves,  windows  opening  at  the  top,  Sheringham 
valves  near  the  ceiling,  chimney  shafts,  warm  out- 
let flues,  and  in  other  wyys.  Special  extraction 
shafts,  with  inlets  at  or  near  the  ceiling,  are 
desirable.  Such  shafts  may  be  carried  up  alongside 
or  surrounding  the  chimney  or  stove  flue,  so  as  to 
utilize  the  waste  heat  as  a  motive  power  ;  or,  indepen- 
dently of  these,  with  a  gas  jet  in  the  inlet  to  create 
an  upward  current.  Some  hospitals  for  infectious 
diseases  have  an  extraction  shaft  upon  a  larger  scale, 
the  foul  germ-laden  air  being  made  to  pass  through  a 
gas  furnace.  Most,  if  not  all,  of  the  germs  are  no 
doubt  destroyed  in  this  way,  and  the  rest  are  pre- 
vented from  diffusing  horizontally.  This  precaution 
was  suggested  by  the  Hospitals  Commission,  and  is 
especially  important  in  regard  to  small-pox  hospitals, 
which  have  been  shown  to  be  capable,  under  certain 
conditions,  of  acting  as  foci  from  which  infection 
spreads  through  the  air. 

In  many  hospitals  the  heating  and  ventilation 
systems  are  combined.  In  any  case  it  is  desirable  to 
make  arrangements  for  warming  the  air  passing 
into  the  wards.  This  may  be  done  by  means  of 
ventilating  fire-grates,  ventilating  stoves,  or  coils 
of  hot  pipes  at  the  inlets.  Windows,  Sheringhams, 
and  Tobins  may  suffice  in  warm  weather.  It  is 
a  common  practice  to  place  the  inlets  under  beds,  with 
the  intention  of  avoiding  draughts  and  supplying  the 
purest  air  close  to  the  patients. 

In  the  most  a^jproved  plans  a  cross-ventilated 
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corridor  or  aiite-room  leads  from  one  corner  of  the 
ward  to  the  water-closets  and  slop  sinks,  and  the  Lath- 
room  and  lavatory  are  similarly  placed  at  the  adjoin- 
ing corner.    At  the  opposite  end  is  a  nurse's  room 
with  a  window  overlooking  the  ward. 

Hospitals  for  infectious  diseases.- 
Eeference  has  already  been  made  to  the  need  for 
greater  cubic  space  and  ventilation  in  such  hospitals, 
and  to  the  importance  of  guarding  against  the  ten- 
dency to  aerial  spread  of  infection  in  certain  dis- 
eases. The  conmiunication  with  the  outside  has  also 
to  be  kept  under  strict  control.  It  is  desirable 
that  "  isolation  hospitals  "  should  themselves  be  iso- 
lated from  other  buildings,  and  even  from  thorough- 
fares, by  reserving  as  wide  an  open  space  as  pos- 
sible. The  boundary  walls  should  be  6|-  feet  high. 
Each  disease  must  be  isolated  separately,  and  if 
possible  in  separate  blocks,  not  less  than  40  feet 
apart,  and  the  same  distance  from  the  boundary.* 
There  should  be  no  communication  whatever  between 
the  different  blocks,  and  the  intercourse  with 
the  common  administrative  department  should  be 
as  little  as  possible.  As  regards  structure  and 
arrangement  of  wards,  the  standards  named  in  re- 
spect of  general  hospitals  apply,  except  that  not  less 
than  2,000—2,500  cubic  feet  are  required  per  bed, 
and  130—180  feet  of  floor  space.  A  special  block  con- 
taining at  least  two  or  three  small  wards  is  necessary 
for  doubtful  cases,  or  cases  not  received  into  the  prin- 
cipal wards.  The  site  should  be  high  and  airy,  on  dry 
gravelly  soil,  removed  fi-om  buildings  but  not  too 

*  The  L.G.B.  require  (1902)  that  a  small-pox  hospital  should  not  be 
3o  placed  as  to  have  witliin  a  quarter  of  a  mile  a  hospital  (wlietlier  for 
infectious  diseases  or  not),  a  workhouse,  or  any  similar  establishment,  or 
a  population  of  200  persons;  or  within  half  a  mile  a  population  of  600 
persons,  whether  in  one  or  more  institutions  or  in  dwelling-houses  ;  even 
where  the  above  conditions  are  fulfilled,  a  hospital  must  not  be  used  at 
one  and  the  same  time  for  the  reception  of  cases  of  small-pox  aud  of  any 
other  kind  of  disease. 


HOSPITALS  CHAP.  VIII. 


exposed.  It  should  not  in  any  case  be  less  than  2  acres 
in  extent,  and  the  number  of  patients  per  acre  should 
not  exceed  10—20. 

The  essential  parts  of  a  hospital  for  infectious 
diseases  are — 

1.  An  administrative  block,  including  accom- 
modation for  the  medical  officers,  matron,  nurses, 
and  servants ;  dispensary,  kitchen,  scullery,  larder, 
and  pantry ;  laundry,  linen-room,  store-room,  coal- 
cellar,  bathrooms,  closets,  etc.  etc. 

2.  Hospital  blocks,  namely,  at  least  one  for  each 
disease  to  be  isolated,  and  in  each  block  at  least  two 
principal  wards,  one  for  each  sex.  Additional  small 
wards  for  one  or  two  beds  are  desirable.  An  "iso- 
lation block,"  consisting  entirely  of  small  wards,  is  most 
useful.  Besides  the  wards,  closets,  sinks,  and  bathrooms, 
each  block  should  contain  a  nurse's  room,  overlooking 
the  ward,  and  so  arranged  as  to  serve  as  a  scullery 
and  ward-kitchen  for  minor  cookery  ;  linen-room, 
store-room,  and  coal-place.  The  nurse's  sleeping-room 
must  be  away  from  the  waixls ;  it  may  be  in  the  same 
block,  but  is  more  usually  placed  in  the  administrative 
block.  Arrangements  must  be  made  for  the  patients 
from  each  block  to  take  exercise  in  the  orrounds 
without  coming  into  contact  with  each  other.  Small- 
pox hospitals  should  be  entirely  independent  of  those 
for  other  diseases.  The  drains  of  each  block  of 
wards  should  be  trapped  from  the  common  drain,  and 
ventilated  separately  by  an  inlet  just  above  the  trap 
and  by  ventilating  shafts  at  their  highest  points. 

3.  Mortuary  and  post-mortem  room  ;  disinfecting 
room  ;  stable  and  ambulance  shed  ;  porter's  lodge,  etc. 
etc.  The  drainage,  water  supply,  and  arrangements 
for  heating  need  no  sjiecial  mention. 

Isolation  hospitals  are  now  luost  commonly  built 
of  the  pavilion  type  and  of  one  storej''  only  (Fig.  19). 
This  arrangement  allows  of  complete  separation,  cross- 
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ventilation,  abundant  light,  ready  administration, 
and  easy  classification  of  patients.  Other  types  are 
the  "  block  "  system  (Fig.  20)  and  the  "  corridor  " 
hospital.  In  recent  years  glass  cubicles  have  been 
devised  for  the  temporary  isolation  and  further 
observation  of  anomalous  and  doubtful  cases  (Fig. 
21),  especially  those  simulating  scarlet  fever  and 
diphtheria.  Cubicle  wards  as  opposed  to  self-con- 
tained isolation  rooms  are  unsuited  for  small-pox, 
chicken-pox,  and  possibly  measles  in  an  acute  and 
highly  infectious  stage.  Experience  indicates  that  a 
suitable  proportion  of  cubicle  beds  is  10  per  cent,  of 
total  accommodation,  or  50  per  cent,  of  that  devoted 
to  strict  isolation. 

Number  of  beds. — The  number  of  beds  Avhich 
should  be  provided  has  been  stated  as  one  for 
each  thousand  of  j^opulation,  but  such  an  esti- 
mate can  only  be  of  the  roughest  kind.  Much 
depends  upon  the  character  of  the  population,  upon 
the  number  of  diseases  which  it  is  proposed  to 
isolate,  upon  the  thoroughness  or  the  reverse  with 
which  the  policy  of  isolation  is  to  be  carried  out, 
and  lastly  upon  the  question  whether  the  hospital  is 
intended  to  be  a  final  and  inelastic  establishment,  or 
merely  a  permanent  provision  sufficient  for  non- 
epidemic  times  but  capable  of  rapid  extension  at  a  few 
days'  notice  in  the  event  of  serious  epidemic.  It  is  ob- 
vious also  that  averages  are  of  little  use  as  indicating 
the  maximum  possible  demand  for  hospital  accom- 
modation at  any  given  date,  and  it  is  not  to  be 
assumed  that  only  one  disease  will  be  epidemic  at  one 
time. 

By  general  consent,  small-pox,  scarlet  fever, 
diphtheria,  enteric  fever,  plague,  and  typhus  are 
diseases  which,  for  the  public  safety,  ought  to  be 
treated  in  hospital  whenever  possible.  Experience 
has  shown  that  with  coTPpulsory  notification  and 
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free  hospitals  it  is  possible  to  get  into  hospital  prac- 
tically all  the  small-pox,  a  great  majority  of  the 
scarlet  fever,  diphtheria,  and  enteric  cases,  and  all  the 
plague  and  typhus  cases,  without  recourse  to  com- 
pulsion. For  reasons  stated  elsewhere  it  appears  to 
be  very  doubtful  whether  the  time  has  yet  come  for 
the  isolation  of  measles  or  whooping-cough  upon  a 
sufficient  scale  to  be  of  any  practical  use  ;  if,  how- 
ever, cases  of  special  urgency  occurred,  the  small 
wards  would  afford  means  of  isolatinsr  them. 

To  sum  up,  therefore,  the  provision  of  one  bed  per 
thousand  population  is  not  likely  to  be  found  exces- 
sive. Indeed,  it  will  not  suffice  in  the  event  of 
epidemics,  and  if  such  diseases  as  measles  and  whoop- 
ing-cough are  to  be  isolated,  large  additions  will 
be  necessary.  It  is,  therefore,  advisable  to  reserve 
a  liberal  area  for  future  extensions,  temporary  or 
otherwise,  and  to  construct  the  administrative  por- 
tions upon  such  a  scale  as  to  suffice  in  case  of  such 
extension  of  the  isolation  blocks.  The  wards  should 
be  so  constructed  as  readily  to  admit  of  dlsinfectioi^, 
so  that  the  greatest  number  of  beds  may  always  be 
available  for  whatever  disease  is  prevalent  at  the 
time.  This  can  be  done  with  safety  and  without 
difficulty  if  all  the  internal  sui-faces  are  impermeable. 
The  wards,  whatever  the  number  of  beds,  must  be 
sufficiently  numerous  to  allow  of  the  separation  of 
the  sexes  wherever  necessary,  as  well  as  the  isolation 
of  the  several  diseases  one  from  another. 

It  is  of  the  utmost  importance,  if  isolation  is  at- 
tempted upon  the  large  scale,  to  make  the  hospitals 
free,  and  this  is  only  reasonable,  since  the  public  gain 
at  least  as  much  as  the  patient  by  his  seclusion. 
The  S.A.  must  not  regard  removal  to  hospital 
merely  as  a  privilege  sought  by  tlie  patient  and  his 
friends,  but  as  a  concession  on  their  part  to 
the  public  safety.  Any  charges,  however  small  and 
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readily  remitted,  are  deterrent  in  the  very  cases  in 
which  isolation  is  most  needed.  The  revenue  from 
patients'  fees  is  at  best  a  small  fraction  of  the  cost 
of  maintenance,  and  the  wholesale  remission  of  them 
— without  which  the  isolation  of  cases  among  the 
working  classes  is  impracticable — has  an  appearance 
of  charity  which  is  naturally  i-esented.  An  excep- 
tion may  be  made  in  respect  of  the  wealthy,  who  are 
willing  to  pay  suitable  fees  for  the  use  of  private 
wards  and  special  nurses. 

Cost. — The  expenses  to  be  incurred  in  respect  of 
isolation  hospitals  are  classified  under  the  Isolation 
Hospitals  Act  as  (a)  structural,  (6)  establishment,  and 
(c)  patients'  expenses.  We  may  first  consider  the  capital 
or  structural  outlay.  The  great  cost  of  permanent 
hospitals— rarely  less  than  £200  and  sometimes  £400 
per' bed— has  led  to  the  substitution  in  many  cases  of 
temjiorary  structures  (£20-£50  per  bed),  more  especi- 
ally in  the  presence  of  an  epidemic,  when  rapidity  of 
construction  is  the  first  consideration.  These  may  be 
tents  or  buildings  of  wood  and  galvanized  or  corrugated 
iron.  Wooden  hospitals  are  common,  and  can  be  run  up 
in  two  or  three  weeks.  The  Myalls  must  be  made  double, 
and  it  has  been  found  advisable  to  fill  up  the  hollow 
with  sawdust.  The  floors  must  be  raised  above  the 
surface  of  the  ground.  The  roof  may  be  slated  or 
tar-felted.  The  foundation  required  is  generally  a 
four-course  brickwork  with  air-bricks  and  damp- 
proof  course.  The  dimensions  and  arrangements 
can  be  made  the  same  as  in  permanent  buikhngs. 
The  same  may  be  said  of  galvanized  iron  huts, 
which  are  often  used  for  hospital  purposes.  Tents 
can  be  erected  still  more  rapidly,  upon  a  wooden 
floor  raised  above  the  level  of  the  ground.  Ihe 
canvas  should  be  double.  Recently  other  forms  of 
temporary  hospitals  have  come  into  use,  including 
those  of  Doecker  and  Ducker  types.    Both  of  them 
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are  convenient  in  use,  and  can  be  erected  at  a  few 
hours'  notice.  They  consist  of  a  stout  waterproof 
material  stretched  upon  wooden  frames,  so  shaped  and 
numbered  that  they  can  be  speedily  put  together  to 
form  a  complete  and  weather-proof  hut,  ready  for  the 
reception  of  patients.  Willesden  waterproof  paper  is 
also  used  for  the  construction  of  huts.  Sometimes  a 
composite  construction  has  been  preferred,  with  an 
administrative  block  of  stone  or  brick,  and  pavilion 
wards  of  corrugated  iron  and  wood  costing  about 
£120  a  bed.  It  should  be  added  that  the  L.G.B. 
does  not  as  a  rule  sanction  loans  for  the  construction 
of  temporary  hospitals. 

Their  compai-ative  cheapness  and  the  rapidity  with  which 
they  can  be  erected  are  important  points  in  favour  of  tem- 
porary hospitals,  but  nevertheless  their  proper  function  is  to 
supplement,  and  not  to  supersede,  permanent  buildings  of 
brie  If  or  stone.  They  are  less  attractive  in  appearance  than 
the  latter,  less  comfortable,  and  more  difficult  to  ventilate 
efficiently,  and  to  keep  warm  or  cool.  True  disinfection,  such 
as  to  fit  them  for  the  reception  of  cases  of  different  diseases,  if 
not  impossible,  is  at  least  less  easy  and  less  certain  than  in 
buildings  with  hard  non-absorbent  surfaces,  free  from  pores 
and  crevices.  _  Their  durability  is  far  less  than  that  of  a  per- 
manent building,  and  an  annually  increasing  outlay  is  needed 
in  order  to  keep  them  in  habitable  repair.  It  is  often  claimed 
on  behalf  of  temporary  hospitals  that  no  disinfection  is  neces- 
sary, since  they  can  be  burnt  at  the  end  of  the  eijidemic,  and 
renewed ;  but  this  plan,  which  would  very  soon  prove  more 
costly  than  the  erection  of  permanent  hospitals,  has  rarely, 
if  ever,  been  put  into  practice.  The  economy  in  first 
cost  is  great,  but  is  usually  exaggerated.  It  must  be  remem- 
bered that  the  cost  of  erecting  a  permanent  hospital,  as 
ordinarily  stated,^  includes  the  preparation  and  laying  out 
of  the  site,  fencing,  drainage,  water  and  gas  supply,  erec- 
tion of  accessory  buildings,  such  as  mortuary,  disinfector, 
lodge,  etc.,  and  the  whole  cost  of  the  administrative 
block.  These  are  not  usually  included  in  the  stated  cost  of 
"temporary"  hospitals,  although  just  as  essential  in  the  one 
case  as  the  other.  Furthermore,  the  cost  pe7-  bed  largely 
depends  on  the  number  of  beds  that  are  allowed  in  a  given 
cubic  space,  and  it  will  be  found  that,  if  the  standard  adopted 
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in  pormanent  hospitals  is  applied  to  all,  the  nominal  accommo- 
dation in  temporary  hospitals  will  often  ho  reduced  hy  one 
half,  or  more.  If  the  comparison  is  m;ide  upon  equal  terms, 
the  saving  in  first  cost  is  insufficient  to  compensate  for  the 
want  of  durability,  and  for  every  purpose  of  use  permanent 
hospitals  have  great  advantages.  The  liabiUty  to  fire  must 
not  be  forgotten.  The  only  real  advantage  of  temporary 
hospitals  is,  therefore,  the  rapidity  of  erection,  and  (except  as 
a  supplementary  provision)  this  can  only  be  important  when 
the  S.A.  has  failed  in  its  obvious  duty  of  providing  a  hospital 
without  waiting  for  an  epidemic.  It  is  then  frequently  too 
late,  however  speedily  the  hospital  is  got  ready.  Means  of 
isolation  aie  needed  at  all  times,  in  every  large  community, 
and  it  is  even  more  important  to  endeavour  to  delay  and 
prevent  outbreaks  by  secluding  a  few  "sporadic"  cases  than 
to  grapple  with  epidemics  already  in  existence. 

In  addition  to  tbe  structural  expenses  there  are 
the  establishment  costs,,  which  include  all  expenses  of 
maintenance,  repairs,  salaries,  etc.,  working  out  often 
at  about  £20  to  £30  per  bed  per  annum._  Then 
there  remain  the  expenses  of  removing,  feeding  and 
providing  for  the  patients,  including  medicine,  ap- 
pliances," disinfection,  etc.  Many  hospitals  would 
average  say  £10  or  £12  per  patient  per  annum. 

Effect  of  liospifa!  isolaliou.— The  justifica- 
tion for  isolation  is  based  on  the  broad  ground  that 
certain  diseases  are  infectious ;  that  is,  are  readily 
transmissible  from  the  sick  to  the  healthy.  Infected 
persons  act  therefore  as  foci  of  the  disease,  and  where 
such  persons  are  left  in  the  midst  of  densely  populated 
communities  there  is  a  greater  tendency  for  the  dis- 
ease to  spread  than  if  such  persons  are  isolated  away 
from  others.  Although  it  may  be  possible  to  isolate 
almost  any  case  of  infectious  disease  in  a  large 
house,  where  all  the  requisite  precautions  can  be 
rigidly  maintained  during  the  whole  period  of  in- 
fectiousness, it  maybe  stated  broadly  that  "home 
isolation"  in  smaller  houses  cannot  V)e  earned  out 
in  its  entirety.    In  houses  of  the  working  class,  for 
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exaiui^Je,  not  one  case  of  scarlet  fever  in  a  hundred 
is,  or  can  possibly  be,  properly  isolated,  during  the 
whole  period  of  still  infectious  convalescence,  from 
the  rest  of  the  household,  or  even  from  the  public. 
Medical  supervision  is  usually  withdrawn  at  the 
end  of  the  acute  stage  of  illness.  Where  satisfactory 
isolation  can  be  provided  at  home,  hospital  isolation 
may  be  unnecessary,  and  if  a  hospital  is  badly 
administered,  or  there  is  overcrowding,  such  home 
isolation  may  even  be  preferable.  There  can  be  no 
doubt  that  the  separation  of  the  sick  from  the 
healthy  has  been  invaluable  in  preventing  the  spread 
of  disease,  although  instances  are  not  rare  in  which 
hospital  isolation  has  failed  to  give  satisfactory  re- 
sults. This  is  not  surprising  when  it  is  ^remembered 
that  the  isolation  has  often  been  partial,  and  the 
aggregation  of  infectious  persons,  more  especially  in 
times  of  epidemic  pressure,  carried  too  far.  Many  of 
the  factors  which  determine  epidemic  and  endemic 
prevalence  of  disease  are  still  obscure,  and  it  is  only 
within  the  last  thirty  years  that  we  have  begun  to 
appreciate  the  germ  theory  and  what  it  means  in 
actual  practice.  The  hospital  cases  include  many  of 
the  more  virulent  kind,  and  many  from  homes  where 
means  of  isolation  are  most  inadequate,  and  the 
removal  of  these  cannot  have  failed  to  limit  infection. 

It  has  been  contended,  on  the  basis  of  certain 
local  statistics  of  notification,  isolation,  and  deaths, 
that  isolation  has  failed  materially  to  reduce  the 
prevalence  and  fatality  of  scarlet  fever,  and  that  the 
fatality  has  fallen  more  in  towns  which  have  not 
practised  hospital  isolation  than  in  those  which 
h^ave  ;  and  this  has  been  attributed  to  a  "  hospitalized 
strain"  of  scarlet  fever  in  the  latter  (Millard). 
Hospital  isolation  has  also  been  criticized  on  the 
ground  of  "return  cases"  of  scarlet  fever;  that  is, 
secondary  cases  of  the  disease  occurring  in  the  same 
household  after  the  return  home  of  the  primary  patient 
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from  hospital.  These  have  been  found  to  be  about 
1  -3  per  cent,  of  tlie  number  discharged.  Simpson  lias 
shown  that  80  per  cent,  of  such  return  cases  are  due 
to  dischai'ges  from  mucous  membranes,  such  dis- 
charges being  in  all  probability  the  carriers  and  not 
the  causal  agents  of  infection.  Local  and  antiseptic 
treatment  combined  with  transference  to  less  infective 
wards  before  leaving  are  likely  to  be  more  effective 
in  preventing  return  cases  than  long  detention. 

In  dealing  statistically  with  this  question  it  has 
to  be  remembered  that  we  know  nothing  of  what  the 
figures  would  have  been  in  the  absence  of  hospital 
isolation,  under  the  same  conditions  of  increasing 
density  of  population.  It  is  certainly  true  that 
scarlet  fever  has  not  been  eradicated,  and  the  milder 
t3rpe  of  the  disease  now  prevalent  (as  in  Sydenham's 
time)  adds  to  the  risk  of  undetected  cases,  in  which 
no  question  of  isolation  of  any  kind  arises.  The 
causal  agent  and  the  conditions  which  increase  or 
lessen  its  virulence  are  also  at  present  unknown. 

Broadly,  it  may  be  said  that  any  limitation  of  the 
spread  of  infection  by  personal  contact  must  reduce 
the  prevalence  of  the  disease,  and  that  therefore,  if 
rightly  managed,  under  proper  conditions,  hospital 
isolation  is  of  direct  and  marked  value  in  the  reduc- 
tion of  scarlet  fever.  The  only  alternative,  the  so- 
called  home  isolation,  affords  no  prospect  of  safety. 
Further,  it  must  not  be  forgotten  that  the  iso- 
lation of  cases  of  this  disease  in  hospital  prevents 
the  infection  of  milk,  houses,  clothes,  materials,  etc., 
with  the  virus  of  the  disease,  and  diminishes  the 
degree  and  severity  of  the  sequelae. 


CHAPTER  IX 


DRAINAGE  AND  REMOVAL  OF  REFUSE 

The  waste  matter  from  households  comprises  (1)  liquid 
refuse,  including  water  used  for  washing,  and  slop- 
water  ;  (2)  ashes,  and  vegetable  and  animal  refuse ; 
and  (3)  excreta. 

Drainage  is  necessary  for  dealing  with  the  first,  and 
some  system  of  dry  removal  for  the  second.  The 
excreta  may  be  disposed  of  in  conjunction  with  the 
former  ("  water-carriage  "),  or  with  the  latter  (privy- 
middens,  ash-closets),  or  independently  (earth-closets, 
privies,  or  pail-closets  without  admixture  of  ashes). 
A  water-carriage  system  in  a  dwelling  consists 
essentially  of  (a)  sinks  for  the  disposal  of  waste 
water,  and  the  necessary  drainage  for  carrying  off 
bath  and  lavatory  water ;  and  (6)  urinals  and  water- 
closets  with  their  necessary  drainage.  There  is,  of 
course,  also  the  necessity  of  carrying  off  rain  water 
from  the  house,  curtilage,  and  subsoil.  Before  deal- 
ing with  these  requirements  it  will  be  well  to  con- 
sider drainage  generally. 

Draiiiag^e. — A  drain  means  any  pipe  used  for 
the  drainage  of  one  building  or  premises.  A  sewer 
is  a  drain  receiving  the  drainatje  of  two  or  more 
premises.  The  former  is  vested  in  the  owner,  the 
latter  in  the  S.A. 

Drains  ai^e  intended  to  I'emove  from  the  house 
the  liquid  and  much  of  the  solid  filth  that  is  pro- 
duced within  it,  and  they  should  be  so  constructed 
that  in  no  circumstances  can  their  contents,  liquid, 
solid,  or  gaseous,  escape   from   them  at   any  but 
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the  points  specially  provided  for  this  purpose.   

result  is  attained  by  the  choice  of  proper  materials  for 
their  construction  and  by  souaid  workmanship,  by 
trapping  all  inlets  so  as  to  pi-event  the  egress  of  drain- 
gases,  and,  lastly,  by  efficient  ventilation  at  suitable 
points. 

A  trap  in  its  simjilest  form  is  a  mere  bend  in  a 
pipe  which  retains  water  and  thus  prevents  air  from 
passing  through  it.  For  this  purpose  it  is  only 
necessary  that  the  bend  shall  be  sufficient  to  place  some 
portion  of  the  upper  surface  of  the  pipe  below  the  water 
level,  the  seal  of  the  trap  being  the  difference  between 
the  surface  of  the  water  and  the  depression  at  this 
point.  Thus,  in  the  diagram  (Fig.  22),  the  seal  is 
the  water  between  a  and  6. 

A  water-seal  alone  will  not  always  prevent  the 
passage  of  gases  and  particulate  matter  through  it. 

Gases  in  the  drain  can  be 
absorbed  by  the  trapping  water 
and  given  off  from  its  upper  sur- 
face. Ammonia  has  been  found 
to  become  perceptible  through 
an  unbroken  trap  in  fifteen 
minutes.  Moreover,  when  the 
water  remains  stagnant,  bubbles 
of  putrefactive  gases  may  be 
formed,  and,  by  their  bursting, 
particulate  matter  may  be  dis- 
charged. Occasional  changing  of 
the  trapping  water  is  necessary, 
and  the  dj-ain  must  be  ventilated 
to  prevent  its  air  contents  from  becoming  too  foul,  or 
subjected  to  so  much  pressure  that  the  water-seal  is 
forced.  A  trap  to  fulfil  all  these  requirements  must 
be  self-cleansing  and  must  maintain  an  eftectual  seal 
between  the  drain  and  the  outer  air.  For  the  former 
purpose  it  must  be  free  from  all  angles  and  corners 


a  
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Fig.  22. -Siphon  trap  _ 
trap)  with  access  screw 
plug  for  cleansing. 

A,  n,  lUe  seal. 
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that  can  retain  filth,  and  for  the  latter  it  must  have 
a  water-seal  not  less  than  1|  inches  deep. 

The  seal  is  liable  to  be  broken  by  a  nuniber  ot 
circumstances.  First,  pressure  within  the  drain  may 
force  its  air  contents  through  the  trap.  This  can  be 
prevented  by  ventilation  of  the  drain.  Secondly,  if 
the  momentum  of  the  water  discharge  be  great,  the 
water  in  the  trap  maybe  driven  out.  This  can  be 
obviated  by  shaping  the  trap  so  that  the  water-holding 
portion  is  contracted,  and  the  descending  arm  is  larger 
and  square  at  the  outlet.  Thirdly,  if  the  descending 
arm  is  long  and  runs  full  it  may  empty  the  trap  by 
siphon  action.  This  can  be  avoided  by  ventilating  the 
top  of  the  trap  beyond  the  seal.  Fourthly,  the  same 
result  will  sometimes  follow  when  two  or  more  pipes 
are  connected  together,  the  dischai^ge  from  one  sucking 
out  the  water  from  the  trap  of  the  other.  This  can 
be  prevented  in  like  manner.  Lastly,  the  seal  may 
disappear  by  evaporation,  if  the  trap  is  little  used. 

The  drain  must  be  laid  with  a  sufficient  fall 
for  the  purpose  of  enabling  it  to  clear  itself  of  its 
solid  and  fluid  contents,  and  it  is  generally  accepted 
that  this  should  be  one  in  forty,  giving  a  velocity 
of  flow  in  a  4-inch  drain  of  about  3  feet  per  second.* 
Further,  in  discharging  into  a  sewer,  the  drain  should 
be  connected  with  the  lower  half -diameter  of  the  sewer. 

The  drain  should  be  constructed  of  glazed  stone- 
ware pipes  with  cemented  water-tight  joints,  or  pre- 
ferably, if  the  drain  be  beneath  a  building,  of  iron 
pipes  (of  which  the  interior  has  been  coated  with 
Angus  Smith's  solution)  jointed  with  lead.  In  all 
circumstances  the  drain  should  be  laid  on  a  bed  of 
concrete,  and  if  it  be  made  of  any  other  material 
than  iron  the  whole  drain  should  be  embedded  in 

*  Drains  should  be  liiid  in  straight  lines  as  far  as  practicable  and  at 
even  gradients.  They  should  be  smooth,  water  tight,  air-tight,  and  self- 
cleansing.  For  a  4  in.  pipe  the  gradient  should  be  1  in  40  ;  for  a  6-in. ,  1 
in  70  ;  for  a  9-in.,  1  in  100  ;  and  for  a  12-in.,  1  in  150. 
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concrete.  It  is  customary  to  use  drains  having  a 
diameter  of  6  inclies,  but  a  4-incli  diameter  is  fre- 
quently sufficient  for  houses  of  moderate  size.  It 
should  never  be  less  than  this. 

As  a  general  rule,  the  drain  should  not  be  laid 
beneath  a  building,  but  in  the  case  of  terrace  houses 
it  is  often  impossible  to  adopt  any  other  plan.  In  this 
situation  the  drain  must  be  laid  in  a  direct  line 
beneath  the  building  and  be  embedded  and  covered 
in  concrete  not  less  than  6  inches  thick  ;  the  top  of 
the  drain  at  its  highest  point  must  not  be  less  than  a 
distance  equal  to  the  full  diameter  of  the  drain  below 
the  surface  of  the  ground  under  the  building.  Means 
of  access  should  be  provided  outside  the  house. 

An  important  point  in  connexion  with  drain  con- 
struction is  the  prevention  of  air  from  the  sewer 
passing  into  the  drain,  or  from  the  drain  into  the 
house.    The  former  of  these  risks  is  guarded  against 
by  the  insertion  of  a  trap  in  the  drain  {inter ce2)tor) 
as  near  as  possible  to  the  point  of  its  connection  with 
the  sewer.     Such    an   interceptor   is  usually  pro- 
vided with  a  "raking  arm"  into  the  drain.  The 
drain    should    be   ventilated    immediately  on  the 
house  side  of  the  trap,  by  a  shaft  carried  up  above  the 
ground  level  ;  this  will  serve  a  double  purpose,  by  ad- 
mitting fresh  air  into  the  drain,  and  also  affording  a  free 
outlet  in  case  the  trap  is  forced  by  pressure  of  sewer  an-. 
The  opinion  appears  to  be  gaining  ground  that  if 
drains  are  properly  laid  in  concrete,  and  the  ventilat- 
incrpipeis  carried  up  above  the  roof,  interceptors  are 
not  necessary;  that  if  the  ventilating  pipe  of  every 
house  drain  (whether  soil  pipe  or  not)  acted  as  a 
ventilator  to  the  sewer,  the  amount  of  foul  au'  escap- 
incr  would  be  so  thoroughly  and  widely  distributed 
as  to  create  no  nuisance ;  and  that  the  interceptor 
may  cause  stoppage  of  the  drain,  especially  if  the  gra- 
dient be  slight.    It  should  be  added  that,  as  a  rule. 
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bye-laws  require  an  interceptor,  with  access  thereto. 
A  more  complete  and  necessarily  a  more  costly  ar- 
rangement is  that  of  an  inspection  chamber  at  this 
point  (Fig.  23) ;  the  drain  is  continued  through  this 
chamber  in  earthenware  channels,  and  the  arm  in 
the  trap,  which  is  intended  to  allow  the  drain  to  be 
cleared  between  the  trap  and  the  sewer,  is  extended 
into  the  chamber.  Branch  drains  are  connected  with 
the  main  channel  by  branch  channels  in  the  floor  of 
the  inspection  chamber. 


GROUND  COVER 


Fig.  23.— Disconnexion  (inspection)  chamber. 

A, "  raking-arra,"  closed  by  a  cap. 


In  connecting  drains  with  one  another,  no  right- 
angle  joints  must  be  formed,  either  vertical  or  hori- 
zontal. They  must  be  made  to  join  obliquely  in  the 
direction  of  the  flow. 

The  second  risk,  that  of  air  from  the  di-ain  entering 
the  house,  is  guarded  against  (1)  by  ventilation  of  the 
drain ;  (2)  by  trapping  all  inlets  to  the  drain,  except 
those  required  for  its  ventilation  ;  (3)  by  trapping  and 
disconnecting  all  indoor  drain  inlets  ;  (4)  by  proper 
jointings  and  efficient  plumbing  (Fig,  24). 

The  proper  ventilation  of  the  drain  is  secured 
by  continuing  the  soil   pipe  in  its  full  diameter 
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above  the  level  of  the  roof.  By  this  means  air 
entering  by  a  low-level  fresh-air  inlet  or  by  the 
opening  near  the  tiap  in  the  main  drain  can  pass  along 
the  whole  drain,  and  issue  from  the  soil  pipe.  The 


VENTlLftTlNC  SHAFT 


FOR  JOINTING 
CLEANSING  OR 
EXIT  OF  SEWER  GAS 


TO  SEWER 


Fig.  24. — Disconnecting  and  ventilating  trap. 

openings  referred  to  must  be  covered  with  suitable 
gratings  to  keep  out  leaves  and  dirt,  and  to  prevent 
birds  from  building  nests  in  them,  the  open  spaces  in 
each  grating  being  at  least  equal  to  the  section  of  the 
pipe  thus  covered.  The  sectional  area  of  the  venti- 
lating pipe  should  not  be  less  than  that  of  the  drain 
which  it  ventilates. 

Soil  pipes  should  be  situated  on  the  outer  walls  of 
the  house,  and  their  junction  with  the  drain,  often  a 
weak  point  in  construction,  will  then  be  outside  the 
house.  If  through  any  accident  the  junction  of  the 
soil  pipe  with  the  drain  should  be  opened,  the  escape 
of  gas  will  be  into  the  open  air. 

Whether  the  soil  pipe  is  used  for  the  purposes  of 
ventilation  or  not,  bends  in  its  course  should  be 
avoided  as  far  as  possible.  As  a  general  rule,  the 
diameter  should  be  4  inches.  Iron  and  lead  are  both 
used ;  lead  is  more  expensive  but  more  durable,  and 
free  from  joints  that  may  become  loose.     Rolled  {i.e. 
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seamless)  lead  is  necessary  i 
the  house.    The  old  practice  o 
soil  pipe  is  inadmissible, 
since  it  prevents  ventila- 
tion and  impedes  the  es- 
cape of  sewage.  When 
the  soil  pipe  receives  the  soi 
discharge  from  two  or 
more  closets  at  different 
levels,  it  is  necessary  to 
guard  against  siphonage 
of  the  lower  traps.  For 
this  purpose    an  miti- 
sijyhonage  pipe  (2  in.)  is 
fixed  from  the  trap  of 
the  lowest  closet  to  a 
poinb  iu  the  soil  pipe 
above  the  level  of  the 
highest  closet  (Fig.  25). 

It  is  now  necessary 
to  consider  the  three 
sets  of  drainage  arrange- 
ments which  must  form 
part  of  any  modern 
dwelling,  viz.  the  rain- 
water system,  the  waste- 
water system,  and  the 
water-closet  system. 

1.  Rain-water  sys- 
tem.— The  protection  of 
the  house  from  rain 
water  is  secured  by  a 
water-tight  roof  of  im- 
pervious, smooth,  hard, 
durable  material,  so 
jointed,  fixed  and  sloped 
as   to   allow    water  to 


the  soil  pipe  is  inside 
trapping  the  foot  of  tlie 


ANTISIPHONAGE 
-  PIPE 


Fig.  25. — Antisiphonage  pipe. 
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pass  over  its  surface  readily ;  gutterings  and  flashings 
leading  to  rain-water  pipes  discharging  over  open 
gullies;  gullies  and  drain  pipes  to  carry  water  off 
curtilage,  with  ample  provision  for  storm  overflow. 
Where  rainwater  is  collected  from  the  roof  for  drink- 
ing purposes,  care  must  be  taken  to  secure  that  the 
surface  from  which  it  is  collected  does  not  consist  of 
zinc  or  lead,  and  the  receptacle  in  which  it  is  collected 
must  be  kept  clean  and  covered. 

Drainage  of  the  subsoil  of  a  house  is  not  necessary  in  all  cases, 
but  when  the  site  is  damp  some  provision  of  the  kind  should  be 
made.  The  drain  laid  for  this  purpose  should  be  at  the  depth 
of  about  4-0  ft.,  should  consist  of  suitable  earthenware  pipes, 
not  less  than  2  in.  in  diameter,  with  the  joints  left  open,  and 
laid  to  a  proper  outfall,  preferably  in  the  open  air,  but  if  into  a 
drain  connected  with  the  sewer,  the  connection  should  never  be 
direct.  The  subsoil  drain  should  always  discharge  into  a 
trap,  and  should  be  ventilated  at  or  near  the  trap  by  a  .shaft 
or  upright  pipe  carried  above  the  surface. 

2.  Waste-water  system.— This  system  is  arranged 
usually  in  conjunction  with  the  rain-water  system. 
The  overflow  of  a  cistern  should  simply  be  carried 

through  an  exter- 
nalwall  to 
discharge  in  the 
open,  so  that  no 
drain  gases  can 
enter  the  cistern, 
and  waste  of 
water  from  faulty 
apparatus  is  at 
once  seen.  But 
the  foul-water 
wastes  of  sinks, 
lavatories,  and  baths  must  be  differently  dealt  with. 
Slop-sinks  used  for  disposal  of  urine  must  be  treated 
as  water-closets,  but  all  other  wastes  should  be  made 


Fig.[26.— Yard  gully. 
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Fig.  27. 
'  Anti-D 


trap. 


to  discharge  over  trapped  gullies  in  the  open  air. 
Such  disconnexion  renders  it  impossible  for  the  air 
from  the  drain  to  enter  the  house. 

A  suitable  form  of  gully-trap  is  shown  in  Fig.  26.  Here 
the  waste-pipe  discharges  through  a  side 
opening  beneath  the  grating,  and  ahove  the 
water  in  the  trap.  The  grating  must  he 
large,  with  a  free  opening  kept  constantly 
clear,  or  else  the  primary  object  of  discon- 
nexion is  lost.  More  commonly  the  waste- 
pipe  pours  over  the  grating,  with  more 
eifective  disconnexion  but  some  risk  of 
splashing.  Neither  of  these  methods  com- 
plies with  the  requirements  of  the  Model 
Bye-laws  that  the  waste-pipe  shall  discharge 
over  a  channel  leading  to  a  trapped  gully 
grating  at  least  18  inches  away. 

Waste-pipes  should  always  be  trapped, 
and  the  trap  situated  as  near  as  possible 
to  the  sink  or  bath.  The  interior  of  the 
pipe  becomes  coated  with  decomposing  soap  or  fat,  which  is 
itself  offensive ;  the  higher  temperature  of  the  interior  of  the 
house  leads  to  an  offensive  in-draught  through  an  untrapped 
pipe,  still  more  marked  after  the  pipe  has  been  heated  by 
discharge  of  hot  water. 

A  convenient  form  of  trap  is  one  shaped  like  an  S  (Fig. 

22),  and  fitted  with  a  screw  at  its 
lowest  point,  by  the  removal  of 
which  it  is  possible  to  cleanse  the 
trap.  Where  the  momentum  of  the 
water-discharge  is  great,  a  useful 
moditication  of  the  trap  is  that 
shown  in  Fig.  27,  by  which  the  un- 
sealing of  the  trap  is  prevented. 

Fig.  28.-Beii  trap.  Froiii  the  trap  the  waste 

should  be  carried  as  rapidly  as 
possible  through  tlie  wall,  and  then  descend  to  the 
gully.  When  the  wa.ste-pipe  is  long,  or  when  two  or 
more  waste-pipes  are  connected,  ventilation  of  the 
trap  is  needed  to  prevent  siphonage.  and  is  effected  by 
an  air-pipe  passing  from  the  top  of  the  trap,  beyond 
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the  seal,  to  the  open  air.  The  commou  "  hell  trap  " 
shown  in  Fig,  28  is  open  to  more  than  one  objec- 
tion :  the  depth  of  the  seal  is  inadequate  (about  j| 
inch) ;  it  readily  becomes  choked 
with  grease,  being  far  from  self- 
cleansing,  and  as  a  result  the  grat- 
ing is  often  removed  to  let  the 
water  pass  away,  and  on  each  such 
occasion  the  waste-pipe  is  uu- 
trapped. 

The  D-trap  shown  in  Fig.  36  is 
the  worst   of  all,  as   it  readily 
becomes  filthy,  and  always  leads 
to  the  retention  of  a  large  amount 
offensive  matter. 

In  large  households  the  gully  into 
scullery  sink-waste  dischai'ges   is  liable 


Fig.  29.— Antill's 
trap. 


of 


which  the 

 „      to  become 

choked  by  sand  and  grease  (solidifying  on  cooling). 
In  such  cases  frequent  cleansing  is  essential.  A 
"grease-trap"  (i.e.  a  gully  so  constructed  that  the 
outflow  of  liquid  is  not  prevented  by  solid  accumula- 
tion  at  the 


surface  or  bot-  — 


torn),  such  as 
is  shown  in 
Fig.30,  is  some- 
times adopted. 

Wastes 
from  sinks  and 

baths  in  upper  pig.  30, 

storeysare 

sometimes  discharged  into  the  head^  of  a  large  pipe, 
which  may  or  may  not  also  receive  rain  water. 
Though  disconnexion  is  secured,  the  large  pipe  is 
liable  to  be  fouled  with  soapsuds  and  grease.  A 
better  arrangement  is  to  carry  the  waste  directly 
to  the  gully,  due  precautions  being  taken  against 


SOLID 
-Grease  trap. 
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siphouage.  A  waste-pipe  of  1|  inches  diameter  is 
sufficient  even  for  baths,  and  if  two  or  more  be  joined 
they  may  discharge  into  a  somewhat  larger  pipe,  a 
ventilating  pipe  being  carried  from  the  upper  end 
of  the  common  pipe  to  some  convenient  position  above 
the  level  of  the  windows. 

The  rain-water  pipe  should  not  be  used  as  a  soil 
pipe,  or  as  a  venti- 
lating pipe  to  the 
drain.  Thorough 
ventilation  of  the 
drain  is  most  needed 
at  times  of  heavy 
rain,  when  the  rain- 
water pipe  is  least 
able  to  act  in  this 
way ;  and  as  the 
rain-pipe  cannot  be 
carried  above  the 
eaves  of  the  roof,  it 
often  discharges  its 
air  contents  too  near 
to  a  window.  For 
the  latter  reason  this 
pipe  should  not  be  connected  with  the  drainage 
system,  but  should  be  made  to  discharge  over  a 
trapped  gully  or  a  channel  leading  thereto.  It  is 
well  that  a  waste  pipe  in  frequent  use  should  discharge 
into  the  same  trap,  thus  avoiding  risk  of  unsealing  by 
evaporation  in  dry  weather. 

In  small  houses  the  ordinary  discharge  of  liquid 
is  usually  sufficient  to  scour  the  drain  and  make  it 
self-cleansing,  but  where  necessary  this  can  be  sup- 
plemented by  flush-tank,  periodically  discharging  its 
contents  into  the  drain  (Fig.  31).  This  is  a  cistern 
containing  a  large  outer  tube  closed  at  the  upper  end 
and  inverted  over  a  small  inner  tube  a  b,  thus  form- 
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ing  a  siphon.  A  B  is  open  at  the  top,  and  passes 
vertically  down  through  tlie  tank,  to  dip  slightly 
under  the  surface  of  water  in  a  chamber  below 
the  tank,  the  water  in  this  lower  part  being  kept 
at  the  required  level  by  means  of  a  weir,  practic- 
ally forming  a  D-trap.  As  the  water  rises  in  the 
tank  from  the  discharge  into  it  of  a  tap  or  a  drain, 
some  of  it  eventually  runs  over  the  top  of  the  tube 
A  B,  carrying  with  it  air  which  is  forced  through  the 
water  at  B,  and  cannot  return ;  siphon  action  is 
started,  and  the  whole  contents  of  the  tank  are 
emptied  into  the  drain. 

Testing  of  drains  and  soil  pipes  can  be  most  elfectually  done 
by  means  of  [a)  the  water  test.  For  the  purpose  of  testing  the 
horizontal  drain,  a  phig  is  inserted  at  th;it  portion  of  the  drain 
which  is  near  the  intercepting  trap  intervening  between  the 
drain  and  the  sewer ;  the  drain  is  then  chargea  with  water, 
care  being  taken  to  see  that  there  is  no  leakage  through  or  at 
the  side  of  the  plug,  and  the  water  is  allowed  to  fill  the  drain 
to  the  top  of  one  of  the  surface  traps  connected  with  it.  At  the 
end  of  from  half  an  hour  to  an  hour  the  maintenance  or  subsi- 
dence of  the  water  level  in  this  trap  will  show  whether  there  is 
any  leakage.  In  testing  a  large  system  of  drainage  it  is 
necessary  to  take  each  section  separately.  In  testing  soil  pipes 
with  water,  the  plug  must  be  inserted  at  the  bottom,  and  if 
several  water-closets  are  connected  with  the  same  soil  pipe  the 
trap  of  each  must  be  plugged. 

{h)  Smoke  pumped  into  the  drains  previously  plugged  in  the 
same  way  serves  also  as  a  useful  test.  The  process  must  be 
continued  until  the  smoke  is  seen  issuing  from  the  soil-pipe  or 
ventilating  pipe,  and  if  several  of  these  are  connected  with  the 
same  drainage  system  it  is  necessary  that  each  must  be  plugged 
at  the  top  as  smoke  issues  from  it  until  the  whole  system  is 
charged,  care  being  taken  to  prevent  the  smoke  from  being 
forced  through  the  traps  ;  smoke  in  these  circumstances,  when 
there  is  leakage,  soon  finds  its  way  into  the  interior  of  the 

house.  ,  .  i 

(c)  Peppermint  was  formerly  used  in  the  same  way  ;  two  or 
more  ounces  of  the  oil  was  either  poured  down  a  soil  pipe  with 
a  pailful  of  boiling  water,  or  down  some  trap  situated  outside 
the  house  connected  with  the  soil  drain;  the  scent  of  the  oil  ot 
peppermint  found  its  way  into  the  house  m  the  event  of  de- 
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fective  pipes.  Chemical  "testers  "  such  as  Kemp's  or  Kingzett's 
are  now  commonly  used.  These  are  composed  of  some  strongly 
smelling  chemical,  e.g.  calcium  phosphide,  which,  when  moist, 
evolves  phosphoretted  hydrogen,  and  when  the  tester  is  washed 
into  the  di'ain  over  the  trap,  the  water  soaks  the  paper  fastener, 


Fig.  35.— Wash-down  or 
short  hopper  closet. 


and  the  spring  being  liberated  the  contents  escape.  If  the  drain 
be  defective  the  odour  escapes  into  the  house  in  about  fifteen 
minutes. 

3.  The  water.closet  system  consists  of  {a)  water- 
closets  and  slop  closets,  (6)  urinals.    These  discharge 
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into  tiie  soil-pipe,  to  which  reference  has  been  made. 
The  soil-pipe  passes  down  the  side  of  the  house  and 
becomes  the  house  drain,  which,  after  ventilation 
and  trapping,  is  connected  with  the  sewer. 

The  surfaces  of  the  water-closet  must  be  non- 
absorbent,  and  in  its  shape  and  capacity  the  basin 
must  be  able  to  receive  the  water  that  is  discharged 
into  it,  and  to  allow  all  matter  it  receives  to  fall 
directly  into  water  without  soiling  the  sides.  There 
are  five  chief  kinds  of  water-closet : — 

(a)  The  pan  closet. 

(b)  The  valve  closet. 

(c)  The  hopper  closet. 

(d)  The  "Jiush  "  closet  {wash-out  or  wash-down). 

(e)  Trough  closets. 

In  both  the  valve  closet  (Fig.  32)  and  the  wash-out 
patterns  (Fig.  34)  water  is  held  in  the  basin  inde- 
pendently of  that  in  the  trap  below.  In  the  one 
case  it  is  held  by  a  movable  valve,  in  the  other  by 
a  fixed  dam,  over  which  the  contents  are  carried  by 
the  flush.  This  latter  form  is  not 
wholly  satisfactory.  In  the  plug 
closet  the  valve  or  dam  is  replaced 
by  a  solid  plug,  which  works  vertic- 
ally in  a  side-chamber  similar  to 
that  shown  in  Fig.  32.  Hopper 
closets  are  of  two  kinds ;  the  basm 
of  the  old  long  hopp)er  (Fig.  33) 
is  from  its  shape  and  construction 
liable  to  become  filthy,  and  it  has 
usually  an  ineffective  flush;  the 
short   hopiJer   or  wash-down  (Fig. 

"  flush "  closet   and  is 


Fig.  36  — Pan  closet,     35 \ 
with  D-trap-  ' 


IS  a 


free  from  objection.  It  possesses 
the  advantage  of  a  large  water  surface  owing  to  t^e 
form  of  the  trap  being  such  as  to  allow  the  water 
to  stand  high  in  the  basin.     Added  to  this  there 
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is  a  deep  water-seal,  and  the  cleansing  of  tlie  trap  is 
greatly  facilitated.  It  is  the  most  satisfactory  form 
now  in  use.  There  is  at  present  a  wholesome  ten- 
dency to  dispense  with  all  unnecessary  woodwork 
and  fittings,  and  to  reduce  the  closet  to  its  simplest 
form. 

The  old  container  closet,  or  pan  closet  (Fig.  36), 
is  especially  objectionable,  and  is  prohibited  by  the 
Model  Bye-laws.  The  basin  discharges  into  a  large 
receptacle,  which  becomes  foul  and,  every  time  the 
valve  is  opened,  allows  polluted  air  to  escape. 

The  apparatus,  of  whatever  kind,  should  be  pro- 
vided with  a  flushing  rim  which  directs  the  water 
over  the  whole  surface,  and  maintains  it  in  a  state  of 
cleanliness.  It  is  essential  that  the  flush  should  be  of 
sufiicient  volume  (not  less  than  two  gallons),  delivered 
with  sufficient  force  (and  for  this  purpose  the  pipe 
must  not  be  less  than  1|  inches  in  diameter),  and 
pi-operly  directed  so  as  to  wash  the  basin  effectually. 
The  flush  must  on  no  account  be  taken  from  a  ser- 
vice pipe  or  a  cistern  that  supplies  water  for  house- 
hold purposes,  but  from  a  special  cistern,  fitted  with 
a  water- waste  preventer.  Gases  and  even  filth  have 
been  found  to  make  their  way  from  the  closet  basin 
up  the  (usually  empty)  delivery-pipe. 

It  is  unnecessary  to  discuss  at  any  length  the  traps  used  in 
connection  with  water-closets.  The  S-trap  is  here  again  found 
to  be  a  useful  form,  hut  liahle  occasionally  to  hecome  unsealed 
Avhen  the  momentum  of  the  water-disehai'ge  is  great ;  for  this 
reason,  therefore,  the  form  of  trap  (Fig.  27)  recommended 
in  connexion  with  waste-pipes  to  obviate  this  difficulty  is 
preferable.     The  D-trap  is  altogether  inadmissible. 

Water-closet  traps  are  liable  to  become  unsealed  in  the 
same  manner  as  those  of  waste-pipes.  Whei-ever  two  or 
more  discharge  into  the  same  soil  pipe,  ventilation  of  the  traps 
is  therefore  necessary  ;  the  ventilating  pipe  from  the  trap 
of  the  lowest  water- closet  may  receive  the  ventilating  pipe  of 
each  above,  and  be  finally  connected  with  the  soil-pipe  above 
the  highest  water-closet ;  but,  while  this  arrangement  is  per- 
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missible,  it  is  frequently  preferable  to  carry  the  anlisiphonage 
or  ventilating  pipe  independently  above  the  roof. 

A  closet  or  bath  on  an  upper  floor  is  usually  provided  with 
a  safe  to  receive  any  overflow  or  splashings.  The  waste-pipe 
from  the  safe  may  be  treated  in  the  same  way  as  an  overflow 
from  a  cistern,  i.e.  simply  carried  through  an  external  wall, 
and  made  to  discharge  a  few  inches  from  the  brickwork. 


Fig.  37 — Trough  closets  (Doulton). 

Elevation  showing  position  of  tanlv  for  ranges  of  six  and  o^'er. 


Trough  closets  (Figs.  37-40)  are  sometimes 
adopted  in  schools  or  factories.  A  long  trough  filled 
with  water  passes  beneath  the  seats  of  closets  placed 
side  by  side.    At  stated  intervals  the  trough  is  flushed, 

automatically  or  by  an  attendant, 
and  the  contents  are  carried  away 
to  the  sewer  through  a  trap  at 
the  outlet  end.  An  automatic 
flush  may  be  effected  by  a  tilt- 
ing receiver  placed  at  the  upper 
end  of  the  trough,  and  so  ar- 
ranged as  to  capsize  and  dis- 
charge its  contents  as  soon  as  it 
becomes  filled   by  a  regulated 

of  tank  for  ranges  of  three  stream  01  water  ;  Or  Still  DCttei 

'°  by  a  flush-tank  fed  by  a  stream 

of  water  and  discharging  itself  into  the  trough  by 
siphon  action  as  soon  as  it  becomes  full.  In  either 
ease  the  frequency  of  the  flush  can  be  regulated  by 
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Fig.  38  (Doulton) 

Elevation  showing  position 
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the  supply  of  water.  Trough  closets  are  now 
invented  with  separate  partitions  and  separate  pans 
attached  to  one  common  discharge  pipe  {Fig.  40). 

 „  _.__.^-„  _____-_.,„^^^ 


Fig  40. — Isolated  trough  closets  (Doulton). 


In  waste-tvater  closets  the  flush  is  effected  by  the 
household  waste  water,  the  object  being,  of  course^ 
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to  avoid  the  expense  of  a  separate  water  supply, 
Tlie  drainage  from  a  row  of  houses  is  conducted 
to  a  flush  tank  placed  at  the  end  of  the  row 
farthest  from  the  sewer.  From  the  tank  a  large 
pipe  drain  passes  to  the  sewer,  and  separate 
closets  are  placed  upon  its  course,  the  excreta 
simply  falling  through  large  vertical  drain  pipes 
into  the  drain  below,  and  remaining  there  until 
the  next  flush  sweeps  them  away  into  the  sewer. 
The  drain  has  a  siphon  trap  after  passing  the 
lowest  closet,  and  a  manhole  or  access  chamber  at 
the  same  point  for  use  in  the  event  of  obstruction. 

In  like  manner  the  waste-water  of  single  houses 
has  been  utilized  for  flushing  single  outdoor  closets. 
For  closets  of  this  type,  which  are  known  as  slop 
closets,  the  household  waste-water,  supplemented  if 
necessary  by  the  rainfall,  is  collected  in  a  "  revolver  " 
or  "tumbler,"  an  earthenware  vessel  working  on 
pivots,  and  so  constructed  as  to  overbalance  when 
full,  discharging  its  contents  forcibly  along  the 
drain,  and  then  swinging  back  to  its  former  posi- 
tion. On  the  drain,  beyond  the  tumbler,  is  a  large 
siphon  trap,  and  the  closet  consists  of  a  wide  ver- 
tical shaft  over  this,  so  that  the  excreta  fall  into 
the  water  of  the  trap  and  are  carried  away  by  the 
next  flush. 

The  use  of  waste-water  for  flushing  is  attended 
with  practical  difliculties  from  the  over-concentration 
of  sewage,  and  the  liability  of  automatic  appliances 
to  get  out  of  order. 

Intermediate  between  the  water- carriage  and  dry  sj'stems 
come  certain  Continental  and  other  methods  which  maybe 
described  briefly.  The  fosse  permanente  is  a  large  water-tight 
underground  pit,  to  which  pipes  from  the  closets  conduct  the 
excreta;  the  pit  is  emptied  at  long  intervals  by  suction 
through  hose  into  an  air-tight  cart.  The  fosse  mobile  is  a  closed 
movable  tub  placed  outside  the  house,  and  connected  with 
a  fixed  pipe  that  communicates  with  all  the  closets,  etc.,  in  the 
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house  ;  the  tuh  is  simply  removed  and  replaced  by  another 
when  full.  In  Liernur's  st/stein  a  number  of  closets  ,  are  con- 
nected by  means  of  iron  pipes  with  an  air-tight  tank,  which  is 
(it  intervals  exhausted  of  air,  so  that  the  excreta  are  drawn 
into  it. 

Dry  systems  of  excreta  removal,  otherwise 
known  as  "conservancy  systems,"  include  jjrivies, 
pail-closets  (with  or  without  ashes),  ash-closets,  and 
dry  earth-closets.  In  some  localities  privies  are  called 
earth  closets,  but  this  use  of  the  term  is  misleading. 

The  2^'>"^f>y  ashpit,  or  midden  system,  which 
is  still  employed  in  certain  towns,  and  in  most 
rural  districts,  aims  at  the  deodorization  and  drying 
of  the  excreta  by  admixture  with  ashes.  The  best 
construction  is  that  of  a  small  watertight  pit,  not 
drained  but  roofed  over  to  exclude  rain,  and  so 
arranged  that  the  excreta  and  ashes  become  thoroughly 
mixed.  For  this  purpose  either  the  ashes  must  be 
thrown  in  through  the  closet  seat,  which  may  be 
hinged  so  as  to  be  lifted  m  masse,  or  else  a  "shoot" 
or  sloping  slab  must  conduct  one  or  the  other  to  a 
common  point.  The  floor  should  be  smooth,  and 
raised  a  few  inches  above  the  level  of  the  adjoining 
ground.  Very  few  middens  fulfll  these  conditions, 
however. 

The  contents  ought  to  be  removed  at  fixed  short 
intervals  by  the  S.A.,  and  the  work  should  be 
done  at  night  or  early  in  the  morning  so  as  to  mini- 
mize the  nuisance.  Unfortunately  it  is  still  common 
to  leave  the  emptying  of  ashpits  to  contractors, 
or  even  to  the  owners  and  occupiers,  and  the  interval 
is  frequently  several  months  instead  of  a  week,  as 
prescribed  by  the  Model  Bye-laws.  Privies  alone, 
without  admixture  of  ashes  or  other  deodorants,  are 
also  met  with.  The  receptacle  should  be  small,  and 
its  contents  frequently  removed,  but  at  best  the  system 
is  more  offensive  than  when  ashes  or  earth  are  added. 
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Pail-  or  tuh-closels  are  simply  miniature  privies, 
ill  which  the  pit  is  represented  by  a  movaV)le  pail 
placed  beneath  the  closet  seat.  The  full  pails  are 
removed,  and  i-eplaced  by  clean  empty  ones,  at  regu- 
lar intervals  not  exceeding  a  week.  Close-fitting 
covers  should  be  used  during  removal  of  the  full  pails. 
There  are  several  modifications  of  this  system.  On 
the  '^Rochdale  system"  the  pails  contain  excieta 
alone,  while  in  some  towns  the  ashes  and  other  dry 
household  refuse  are  added;  or  the  ashes  are  thrown 
upon  a  sifter,  and  only  the  fine  ash  falls  into  the  pails  ; 
or  the  Goux  system  is  used,  the  cleansed  pails  being 
lined  with  a  dry,  absorbent  packing  of  compressed 
peat  or  like  substance. 

In  Morell's  cinder-sifting  ash-closet  the  ashes  are 
thrown  in  by  a  separate  opening,  and  by  a  simple 
automatic  arrangement  are  sifted,  so  that  only  the  fine 
ash  falls  upon  the  excreta,  the  cinders  finding  their 
way  to  a  separate  chamber  for  further  use  as  fuel. 
The  receptacle  is  permanent  and  in  this  respect 
resembles  a  privy  rather  than  a  pail-closet,  but  it  is 
small  and  so  arranged  as  to  be  readily  emptied^  by  a 
special  opening.  Taylor's  closet  is  somewhat  similar 
in  principle,  but  the  urine  is  collected  separately. 

Dry  earth-closels  have  a  small  receptacle,  fixed  or 
movable,  beneath  the  closet  seat.  Clean,  dry  earth 
(about  U  lb.)  is  thrown  upon  the  excreta,  either  by 
hand  or  by  automatic  delivery  from  a  hopper,  every 
time  the  closet  is  used.  A  constant  supply  of  fine 
dry  earth  is  needed,  ordinary  mould  being  the  best, 
owing  to  its  richness  in  nitrifying  organisms.  The 
contents  may  be  subsequently  mixed  with  dry  mould 
in  a  drying-shed.  Sand  is  less  efficacious.  (For 
method  of  working  see  also  p.  225.) 

Destination.— Water-carried  excreta  pass  nito 
the  ordinary  sewers,  and  their  ultimate  disposal  will 
be  considered  in  another  section. 
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Pails  are  emptied  and  cleansed  at  a  central  depot, 
and  are  then  ready  for  further  use.  Their  contents 
are  sent  into  rural  districts  as  manure,  either  in  the 
crude  state  or  after  conversion  into  "  poudrette  "  by 
drying  and  other  treatment.  Eor  the  manufacture 
of  poudrette  the  excreta  (free  from  ashes)  are  heated 
in  revolving  cylinders,  so  as  to  drive  oif  the  moisture. 
Sulphuric  acid  is  often  added  to  fix  the  ammonia. 

Contents  of  ashpits  are  commonly  sent  away  at 
once  into  the  country.  The  refuse  of  ash-closets  or 
pail-closets  is  also  available  as  manure. 

The  earth  from  earth-closets  can  be  dried  and  used 
again  and  again,  and  finally  restored  to  the  garden  or 
field.    The  organic  matter  disappears  by  nitrification. 

Comparative  advantages  of  water-carriage  and 
dry  systems.  1.  Hygienic. — Water-carriage  is  by  genei-al 
conseat  the  most  satisfactory  in  houses  of  the  better  class,  where 
cleanliness  and  freedom  froraeffluvia  are  the  main  considerations, 
and  due  care  in  use  can  be  relied  upon.  The  excreta  are  at  once 
carried  right  away  from  the  premises.  Water-closets  may 
safely  be  constructed  practically  withia  the  house,  a  matter  of 
great  convenience.  The  objection  that  the  sewers  receive  the 
specific  ijoison  of  enteric  and  other  fevers  may  be  met  by  the 
use  of  disinfectants,  and  has  not  yet  been  proved  to  be 
weighty.  It  has  been  urged  that  indoor  water-closets  afford 
facilities  for  the  entrance  of  sewer  air,  especially  in  the  case  of 
obsLruction  of  the  sewers  by  floods  or  other  causes.  Indeed,  it 
has  been  observed  in  more  than  one  enteric  outbi'eak  that  the 
inmates  of  large  water-closet  houses  upon  high  ground  suffered 
more  than  the  poorer  inhabitants  of  lower  districts  with 
outdoor  closets.  This  danger,  however,  can  scarcely  occur 
unless  there  is  grave  defect  in  construction  or  management, 
and  it  extends  equally  to  indoor  sinks.  As  applied  to  poorer 
dwellings  water-closets  often  fail.  Owing  to  carelessness  or 
misuse,  the  mechanism  becomes  deranged,  or  flushing  is 
neglected,  and  the  drains  become  choked  by  bulky  objects 
iiriproperly  introduced  into  them.  Automatic  flush  closets, 
trough  closets,  and  even  slop-closets,  if  kept  under  supervision, 
are  to  a  great  extent  free  fi'om  this  objection,  since  they  are 
not  liable  to  become  deranged  by  carelessness  on  the  part  of 
those  using  them.  Water-closets  of  ordinary  construction  are 
made  serviceable,  even  in  houses  of  the  poorest  class,  by 
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careful  supervision  on  the  part  ol:  the  S.A.  Neglect  of  hand 
flushing  may  bo  met  by  automatic  mechanism  connected  with 
the  door  or  the  seat.  The  water-supply  of  outdoor  closets  is 
liable  to  be  stopped  by  frost,  but  this  rarely  happens  if  the 
cistern  and  pipes  are  properly  cased. 

Privies  and  ashpits  are  being  abandoned  in  most  towns, 
although  still  almost  inevitable  in  country  districts  where 
there  is  neither  efficient  drainage  nor  organized  scavenging. 
The  retention  of  large  quantities  of  excreta  and  other  organic 
matter  near  dwellings  is  in  itself  objectionable,  and  the 
nuisance  becomes  great  at  the  time  of  clearing  out.  It  is 
probable  that  such  an  arrangement  favours  the  spread  of 
diseases  that  have  relation  to  filth,  and  especially  those  in 
which  the  poison  is  contained  in  the  excreta.  Ths  case 
becomes  worse  when,  as  almost  invariably  happens,  the  pit 
leaks  and  allows  its  contents  to  pollute  the  soil  and  the 
subsoil  water.  In  1908  the  incidence  of  enteric  fever  in 
Nottingham  (a  pail-closet  town)  was  one  case  in  33  houses 
having  midden  privies,  one  case  in  185  i>ail-closet  houses,  and 
one  case  in  722  houses  having  water-closets. 

Pail-closets  have  the  advantage  of  extreme  simplicity,  and 
cannot  be  deranged  by  carelessness  or  anything  short  of  wilful 
destruction.  Although  not  removed  instantly,  as  in  water- 
closets,  the  excreta  remain  near  the  dwelling  for  a  few  days 
only,  instead  of  putrefying  for  weeks  or  months  as  in  middens. 
The  weekly  or  semi-weekly  visits  of  the  scavengers  ensure  a 
certain  degree  of  cleanliness,  apart  from  the  mere  substitution 
of  cleansed  pails.  It  is  claimed  that  in  the  event  of  such  dis- 
eases as  enteric  fever  occurring,  the  pails  and  their  contents  can 
be  disinfected  ;  unfortunately  not  all  the  infective  matter  is 
thi-own  into  the  closet,  and  at  best  its  disinfection  in  any  true 
sense  would  be  difficult ;  but  it  is  quite  possible  to  adopt  the 
simple  precaution  of  supplying  specially  marked  pails  to  in- 
fected households,  and  cremating  the  contents  of  such  pails 
when  collected.  Pail-closets  that  receive  excreta  only  are  in- 
evitably offensive,  however  frequently  changed.  The  addition 
of  ashes  lessens  the  effluvia,  and  tlie  average  amoimt  of  ash 
produced  by  an  artisan  household  is  found  to  be  sufficient  for 

the  purpose.  ^      r         m  • 

Dry-earth  closets  are  convenient  and  free  from  effluvia. 
The  difficulty  of  ensuring  a  constant  supply  of  suitable  dry 
earth,  and  of  removing  the  products,  has  hitherto  prevented 
their  adoption  in  towns.  In  rural  districts,  where  these 
difficulties  do  not  exist,  they  offer  great  advantages,  but  can 
only  succeed  when  used  with  care  and  kept  under  supervision. 
(See  p.  225.) 
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2.  Economic. — Water-carriage  involves  some  cost,  (?ither  to 
the  individual  or  to  the  public,  in  the  extra  consumption  of 
water,  although  this  objection  does  not  apply  to  those  systems 
in  which  the  Hushing  is  effected  by  the  household  waste  water. 
Drains  and  sewers  "have  to  be  provided  in  any  case,  so  their 
cost  cannot  be  charged  to  the  account  of  water-carriage  systems. 
The  increased  volume  of  sewage  in  water-closet  towns  or  dis- 
tricts is  far  less  material  than  is  generally  assumed,  and  forms 
at  most  only  a  small  fraction  of  the  enormous  volume  derived 
from  rainfall,  soil  drainage,  household  waste- water,  trade 
effluents,  and  other  sources.  It  has  been  found  that  the 
addition  of  water-closet  sewage  scarcely  alters  the  chemical 
composition  of  the  average  sewage  of  a  town.  Hence  the 
necessity  of  treating  the  sewage  by  irrigation  or  other  means 
is  quite  independent  of  the  admission  of  water-borne  excreta 
to  the  sewers. 

Water-carriage  obviates  some  pai-t  of  the  expense  of  the 
scavenging  required  by  the  pail-closet  system,  but  there  must 
still  be  a  costly  organization  for  collecting  the  dry  household 
refuse,  which,  without  the  addition  of  excreta,  is  an  unsaleable 
commodity,  and  further  expense  is  therefore  incurred  in  dis- 
posing of  it  after  collection. 

A  similar  objection  is  often  urged  from  the  theoretical  side, 
namely,  that  the  enormous  dilution  of  excreta  by  water  renders 
it  difficult  or  impossible  to  recover  tbem  again  for  manurial 
purposes,  and  hence  the  soil  is  steadily  [impoverished  by  de- 
priving it  of  what  should  naturally  be  returned  to  it  in 
exchange  for  the  crops  that  it  yields.  Yiviau  Poore'a  dictum 
was  that  the  i^rojDer  destiny  of  organic  refuse  is  immediate 
burial  just  below  the  surface  of  the  soil,  and  on  this  principle 
he  objected  to  water-carriage.  This  argument  has  some 
weight  as  bearing  upon  the  still  common  practice  of  pouring 
the  sewage  of  towns  into  rivers  or  into  the  sea. 

From  the  purely  financial  point  of  view  it  is  to  be  said  that 
the  objectionable  midden  system  probably  costs  less  than  any- 
other. 

The  pail  system  involves  a  heavy  initial  outlay  in  buildings 
and  plant,  and  an  expensive  staff  to  manage  it  efficiently.  On 
the  other  hand,  some  part  of  the  expense  is  recouped  by  the 
sale  of  manure,  and  a  scavenging  staff  must  in  any  circum- 
stances be  maintained  for  the  removal  of  dry  refuse.  The 
market  value  of  the  excreta  is  greater  if  unmixed  with  ashes, 
but  it  is  questionable  if  the  gain  is  sufficient  to  compensate  for 
the  cost  of  a  separate  collection  of  dry  refuse,  which,  fis  already 
explained,  is  uns;ileable.  The  dry  systems  ensure  the  returia 
of  most  of  the  solid  excreta  to  the  soil,  but  a  great  part  of  the 
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liquid  excreta,  which  are  more  important  as  fertilizers,  goes 
with  the  household  drainage  in  any  case. 

Reviewing  the  whole  question,  the  privy  system  must  be 
regarded  as  contrary  to  sound  principles  of  hvgicne  wherever 
facilities  exist  for  any  other  arrangement.  Water-closets  are 
most  suitable  in  town,  and  water-closets  or  earth-closets  in  the 
country. 

Removal  of  ashes. — Where  water-closets,  or 
pail-closets  for  excreta  alone,  are  in  use,  the  ashes  and 
kitchen  refuse  have  to  be  removed  separately.  Small 
covered  tubs  or  boxes  (preferably  of  metal)  should 
be  placed  in  a  yard  or  outhouse,  and  emptied  at 
short  and  regular  intervals  by  the  scavengers. 
Frequently,  however,  large  bins"  or  fixed  '-'ashpits  " 
are  employed,  the  contents  of  which  ai-e  allowed  to 
accumulate  for  long  periods. 

Household  refuse  ought  to  consist  of  little  more 
than  ashes,  the  animal  and  vegetable  refuse  from  the 
kitchen  being  easily  burnt. 

Trade  refuse,  from  slaughter-houses,  markets, 
fish  and  fruit  shops,  and  many  other  sources,  requires 
prompt  removal.  This  duty  is  often  left  to  the 
proprietors,  who  make  private  arrangements  with 
farmers,  etc.,  to  remove  the  refuse  for  use  as  manure, 
or  convey  it  at  their  own  cost  to  some  suitable  place. 
It  is  difficult  to  ensure  proper  system  and  regularity 
unless  the  S.A.  itself  undertakes  the  task,  and  the 
same  difficulty  may  occur  in  urban  districts  in  regard 
to  manure  from  stables  and  cowsheds.  Under  the 
Public  Health  (London)  Act,  1S91,  s.  Sf,  the  local 
authority  may  by  formal  resolution  prescribe  frequent 
removal. 

Road  sweepings  and  the  contents  of  street  gullies 
have  also  to  be  dealt  with. 

Destructors.— Any  kind  of  refuse  which  contains 
orc^anic  matter,  but  which  cannot  be  at  once  disposed 
of ''as  manure,  should  be  burnt.    The  refuse  is  thrown 
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in  at  the  top  of  a  furnace,  and  becomes  dry  as  it  sinks 
down;  all  organic  matter  is  burnt  off,  and  at  inter- 
vals the  mineral  matter,  or  "  clinker  "  (forming  about 
30  per  cent,  of  the  refuse  burnt),  is  raked  out  below, 
to  be  used  for  road-making,  filling  up  hollows,  etc. 
In  the  best  modern  destructors  the  clinker  is  with- 
drawn in  large  slabs  and  freely  slaked  with  water  to 
prevent  flaming  when  tipped.  Silica  and  ferric  oxide 
are  the  chief  constituents  of  clinker,  which  is  now 
much  used  for  bacteria  beds,  mortar-making,  etc. 
After  the  furnace  is  started,  the  organic  matter  in 
the  refuse  is  usually  sufficient  to  maintain  the  fire 
without  the  addition  of  other  fuel. 

Numerous  forms  of  destructor  are  now  in  use. 
They  consist  of  furnaces  of  a  varying  number  of  cells 
and  are  charged  in  different  ways  ("shovel  fed," 
"top  fed,"  mechanical  charging,  etc.).  These  fur- 
naces are  not  infrequently  multitubular,  or  fitted 
with  Babcock  &  Wilcox  boilers,  and  the  necessary 
draught  is  obtained  naturally  or  by  means  of  fans  or 
steam  blowers.  They  may  be  divided  into  two  chief 
groups,  the  "single  cell  system"  (e.g.  Horsfall's, 
Fryer's,  Warner's,  Baker's)  and  the  double  cell  or 
continuous  grate  system  (e.g.  Meldrum's,  Heenan's, 
Sterling's) ;  there  are,  of  course,  various  modifica- 
tions. By  the  single-cell  system  is  meant  a  destruc- 
tor with  a  boiler  between  every  two  cells,  so  that 
there  is  no  intermingling  of  the  gases  from  two  or 
more  cells.  It  is  desirable  to  have  complete  com- 
bustion in  the  cell  itself,  but  if  necessary  the  fumes 
can  be  passed  through  a  second  furnace. 

Sewers  are  the  drains  of  a  community  of 
houses.    They  may  be  required  to  convey — 

(i)  Household  e^we^ife, including  waste- water  from 
baths,  lavatories,  sinks,  and  all  liquid  refuse  and 
urine.  Where  there  are  water-closets,  the  volume  of 
sewage  is  somewhat  increased,  but  its  composition  is 
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little  altered.  Latrines,  etc.,  attached  to  works, 
schools,  or  public  resorts  may  be  included  under  this 
head. 

(ii)  Trade  effluents  of  all  degrees  of  impurity,  from 
the  comparatively  pure  water  from  condensers  to  the 
foul  effluents  from  dyeworks. 

(iii)  Water  used  for  public  imrposes,  e.g.  watering 
streets,  fountains,  public  urinals,  baths,  etc. 

(iv)  Rainfall,  of  which  the  first  portions  (especially 
road-washings)  are  extremely  impure. 

(v)  Subsoil  toater,  and  even  small  natural  streams. 
Modern  sewers,  like  house  drains,  are  impervious 

tubes,  oval  or  round  in  section.  Their  size  varies 
according  to  requirements,  say,  from  9  inches  to  12 
feet  in  diameter.    If  the  diameter  is  not  greater  than 

or  2  feet,  glazed  earthenware  pipes  set  in  cement 
are  usually  employed,  laid  in  the  manner  described  in 
speaking  of  house  drains.  Sewers  of  larger  diameter 
than  18  inches  are  generally  constructed  of  brick  set 
in  cement  upon  a  bed  of  concrete,  and  are  oval  or 
ovate  in  section,  so  as  to  secui-e  a  better  scour  and  less 
friction  when  little  sewage  is  passing  than  if  the 
section  were  circular.  Sewers  should  be  laid  as  far 
as  possible  in  straight  lines,  with  means  of  inspection 
and  access  at  every  change  of  direction.  All  junctions 
should  be  obliquely  in  the  direction  of  flow,  and  the 
tributary  sewer  or  drain  should  have  a  fall  into  the 
sewer  at  least  equal  to  the  difference  in  their  respective 
diameters.  It  is  desirable  that  the  rate  of  flow  should 
be  not  less  than  2  feet  per  second,  and  3  feet  is 
better.  Hence  the  minimum  gradient  should  range 
from  1  in  250  to  1  in  750,  according  to  the  size  of  the 
sewer.  The  gradient  should  preferably  be  uniform, 
except  at  angles  and  junctions,  where  it  is  desirable 
to  allow  extra  fall. 

Manholes  should  be  provided  at  short  distances, 
and  at  all  important  angles,  junctions,  and  changes  of 
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gradient,  to  allow  of  access  for  inspection  and  flush- 
ing. Flush-tanks  may  with  advantage  be  placed  at 
the  bead  of  each  sewer.  Flushing  is  chiefly  required 
in  sewers  with  insufiicient  gradients,  at  "  dead 
ends,"  and  in  hot  dry  seasons,  when  the  flow  is 
smallest  and  decomposition  most  rapid.  It  may  be 
efiected  more  or  less  automatically  by  means  of  flush- 
tanks,  or  by  temporarily  damming  back  the  stream 
and  then  allowing  it  to  escape  with  a  rush,  or  by 
suddenly  discharging  a  large  volume  of  water 
into  the  sewer  through  a  manhole.  Little  benefit 
is  likely  to  result  from  the  perfunctory  "  flushing " 
of  sewers  that  is  commonly  practised,  consisting 
as  it  does  of  simply  pouring  a  small  and  in- 
adequate volume  of  water  into  the  sewer  through  a 
hose,  at  intervals  of  several  weeks.  There  is  little  to 
be  gained  by  the  addition  of  "  disinfectants  "  to  the 
water  used  for  flushing. 

The  air  of  sewers  ("sewer  gas")  has  no  constant 
composition,  and  if  the  sewer  be  properly  constructed, 
well  ventilated,  and  sufliciently  flushed,  may  diflfer  but 
little  from  outside  air.  Much  depends  upon  the 
sewage  being  removed  quickly,  or,  on  the  other 
hand,  being  allowed  to  stagnate  and  undergo  decom^ 
position.  In  the  latter  case  the  air  of  the  sewer 
becomes  foul;  oxygen  is  lessened,  carbonic  acid 
increased,  and  there  is  much  organic  matter,  together 
with  variable  quantities  of  marsh  gas,  sulphuretted 
hydrogen,  and  ammonium  sulphide.  The  exact  com- 
position of  the  organic  matter  varies,  but  its  proper- 
ties are  similar  to  those  of  the  organic  matter  in 
respired  air.  Micro-oi'ganisms  adhere  to  moist  sur- 
faces, and  hence  the  air  of  well-constructed  sewers  is, 
on  the  whole,  remarkably  free  from  them,  except  near 
fresh -air  inlets  and  at  junctions,  where  splashing 
occurs.  Neither  bacteria  nor  other  solid  particulate 
matters  are,  under  ordinary  circumstances,  given  off 
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from  quiescent  liquid  surfaces ;  but  if  fsecal  putre- 
faction occur  the  bursting  of  l)ubbles  may  recharge 
the  air  with  them.  Hahlane  found  in  the  air 
of  a  well- constructed  but  unventilated  sewer  in 
Bristol  20  volumes  of  carbonic  acid  per  10,000,  but 
only  2  micro-organisms  per  litre,  half  of  which  were 
■moulds;  and  Lawes  and  Andrewes  demonstrated 
that  the  air  of  well-constructed  London  sewers  con- 
tained fewer  bacteria  than  the  air  of  the  street  above, 
and  the  species  found  were  mostly  not  of  sewage 
origin.  It  thus  becomes  probable  that  sewer  gas 
can  rarely,  if  ever,  convey  patliogenic  organisms.  Re- 
cent investigations  by  Andrewes  and  Horrocks  have, 
liowever,  shown  that  no  definite  or  final  statement 
can  be  made  on  this  point. 

Air  contaminated  by  sewage  emanations  may 
certainly  be  a  cause  of  diarrhoea  and  other  gastro- 
intestiaal  disturbances,  and  of  certain  forms  of  sore 
throat.  Anaemia,  depression,  and  general  ill-health 
may  result  from  protracted  exposure  to  such  an 
atmosphere.  Cholera,  enteric  fever,  pneumonia,  ery- 
sipelas, puerperal  fever,  and  diphtheria  have  a  mucli 
heavier  incidence,  both  in  numbers  and  severity,  upon 
persons  exposed  to  these  conditions.  It  is  not  neces- 
sary to  assume  an  origin  de  novo  in  such  cases,  or 
even  in  the  case  of  diarrhoea  and  sore  throat,  the 
evidence  being  consistent  with  the  supposition  either 
that  the  specific  poison  is  sometimes  carried  by  such 
emanations,  or  that  their  effect  is  merely  to  predis- 
pose to  the  disease.  There  is  no  evidence  of  any 
specific  relation  between  sewer  gas  and  small-pox, 
measles,  or  whooping-cough. 

Men  working  in  well-ventilated  sewers  are  not 
found  to  suffer  any  ill  effects,  but  if  ventilation  is 
wanting  they  are  liable  to  ophthalmia  and  to  syncopal 
or  apoplectic  attacks.  It  is  said  that  venereal  disease 
is  crreatly  aggravated  by  this  employment.  Meat,  milk. 
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and  other  food  substances  readily  decompose  if  exposed 
to  sewage  emanation. 

Ventiiation  of  sewers. — Foul  gases  are  given  off 
by  sewers,  more  especially  if,  from  insufficient  gradient 
or  obstructed  outfall,  they  become  stagnant  or  "  sewers 
of  deposit."    Hence  it  becomes  necessary  to  provide 
means  of  vent  or  A^entilation  in  order  to  avoid  the 
risk  of  the  pent-up  gases  forcing  their  way  into  houses 
through  traps.*    For  this  purpose  openings  are  pro- 
vided at  intervals,  which  should  not  exceed  100  yards. 
Some  of  these  openings  act  as  inlets,  others  as  outlets, 
and  the  latter  only  are,  of  course^  liable  to  be  oflfensive. 
The  conditions  that  determine  tlie  direction  of  the 
currents  of  air   are  complex,  including  force  and 
direction  of  wind,  internal  and  external  temperature, 
volume  and  velocity  of  sewage,  etc.,  so  that  the  result 
cannot  be  predicted,  and  is  not  even  constant  in  the 
same  sewer.    Speaking  generally,  the  tendency  is  for 
the  air  current  to  pass  in  the  reverse  direction  to  the 
sewage  ;  that  is,  from  a  lower  to  a  higher  level,  so  that 
the  highest  openings  are  most  liable  to  be  outlets,  and 
the  lowest  to  be  inlets.    Nevertheless,  every  opening 
may  at  diff*erent  times  act  both  parts. 

The  plan  usually  adopted  is  to  provide  grated 
openings  in  the  roadway,  leading  directly  to  the  sewer 
beneath,  a  cage  being  suspended  immediately  beneath 
the  opening,  to  catch  any  solid  debris  that  may  fall 
through.  ^  It  was  formerly  customary  to  place  trays  of 
charcoal  in  the  openings  in  order  to  deodorize  the  sewer 
gases,  but  the  charcoal  obstructed  the  opening  and  soon 
became  inert.  To  obviate  annoyance  from  effluvia  at 
outlets,  ventilating  shafts  (in  substitution  for  these 
openings)  are  often  attached  to  houses  or  even  to  trees  ; 
these  shafts  should  be,  but  rarely  are,  of  sufficient 
oahbre  efficiently   to  ventilate  the   sewer.  Some- 

ever  ^nrnv]^!;"/       '^'T''^  ^'■f  ""'^  ventilated.   The  house  drains  are,  how- 
ever,  provided  with  interceptors,  and  all  street  gullies  arc  trapped. 
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times  factory  chimneys  are  utilized  for  this  purpose 
by  carrying  the  vent  into  the  stokehole  or  chimney. 
Another  device  (Reeling's)  is  to  ventilate  the  sewers 
through  hollow  lamp-posts  with  gas  jets  iiiside  serving 
to  create  a  strong  upward  current  and  (it  is  claimed) 
to  destroy  all  effluvia. 

If  carried  out  on  a  large  scale  these  special  arrange- 
ments are  costly.  It  is  contended  by  the  advocates 
of  simple  openings  at  the  street  level  that  the  true 
remedy  for  offensive  outlets  lies  in  proper  construction 
and  flushing  of  sewers,  and  increasing  the  number_  of 
openings — that  is,  in  approximating  to  the  condition 
of  an  open  sewer.  Some  authorities  rely  upon  venti- 
lating the  sewer  by  means  of  the  vents  of  each  house 
drain  connected  (see  p.  282). 

Rain  and  subsoil  water.-If  the  sewers  are  water- 
tight, as  they  should  be,  the  subsoil  water  cannot 
gain  access  to  them,  and  separate  provision  must  be 
made  for  draining  the  soil,  although  a  certain  quan- 
tity of  water  flows  away  along  the  comparatively  easy 
track  outside  the  sewer.  Sometimes  provision  is 
made  for  this  by  leaving  a  space  beneath  the  sewer 
for  the  ground- water  to  pass  along. 

It  is  becoming  customary  to  exclude  also  the  rain- 
fall from  the  sewers,  and  thus  avoid  dilution  of  the 
sewage  and  sudden  changes  in  volume,  which  add  to 
the  difficulty  of  treating  it  by  precipitation  or 
filtration.  The  first  washings  of  the  streets  are  very 
foul,  and  should  be  admitted  to  the  sewers.  When 
the  "  separate "  system  is  adopted,  the  ram  water 
is  taken  away  by  another  system  of  drams,  which 
may  with  advantage  be  permeable,  and  so  available 
for  draining  the  subsoil. 

Capacity  of  sewers.-In  towns  only  a  comparatively 
smaU  surface  of   ground   is  pex.-ious  almost  all  the 

rainfall  rapidly  makes  its  way  to  the  scNveis.  Hence  m 
planning  the  Le  and  gradients  of  sewers  it  is  necessary  to 
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provide  for  the  immediate  removal  of  the  maximum  hourly- 
rainfall,  say,  1  inch  per  hour  plus  the  maximum  volume  of 
sewage  from  other  sources. 

Parkes  gives  the  following  formula  for  calculating  the  dis- 
cliarge  from  a  sewer  : — 

V  r=  55  A  X  y2DF. 

V  being  the  discharge  in  cubic  feet  per  minute, 
A,  the  section  area  of  the  current, 
F,  the  fall,  in  feet  per  mile, 

D,  the  hydraulic  mean  depth,  in  feet.  This  is  \  of  the  diameter 
of  the  pipe,  if  running  full  or  half -full ;  in_  all  cases  it  is 
equal  to  the  section  area  of  the  current  divided  by  the 
"wetted  perimeter"  —  that  is,  by  the  length  of  the  arc 
formed  by  that  part  of  the  section  of  the  circumference 
which  is  in  contact  with  the  stream. 

When  a  sufficient  fall  cannot  be  obtained,  Shane's  pneumaHc 
si/stem  offers  great  advantages.  The  sewage  is  conducted  to 
one  or  many  central  collecting  tanks  by  gravitation  through 
drains  and  sewers  of  ordinary  construction,  and  is  forced 
through  pipes,  leading  from  the  tanks  to  the  outfall,  by  means 
of  compressed  air.  Thus  difficulties  arising  from  inequalities 
or  from  low  level  of  districts  to  be  drained  can  be  overcome. 

ComposUioii  of  sewag'e. — This  varies  from  clay- 
to  day,  and  from  hour  to  hour,  since  both  the  filth  and  the 
dikiting  water  are  inconstant  in  amount.  There  are 
variations  according  to  season  and  weatlier,  and  trade 
effluents  may  be  important  factors.  The  admission  or 
exclusion  of  rain-water  makes  a  very  great  difference, 
but  the  presence  or  absence  of  water-carriage  of 
excreta  does  not  seem  to  affect  the  composition  of 
sewage  very  materially.  Broadly,  it  may  be  said  that 
sewage  consists  of  (a)  domestic  excreta  and  waste 
water,  (b)  factory  discharges  and  trade  effluents, 
and  (c)  municipal  waste  water  from  stables,  streets, 
etc.  The  Rivers  Pollution  Commissioners  found  the 
average  composition  of  sewage  to  be  somewhat  as 
follows  : — 
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Constituent  parts. 


Total  solid  residue 

f  Organic 

Suspended  solids  -JMineral 
f  Total 

Dissolved  solids 
Organic  carVion 
Organic  nitrogen  . 
Ammonia 

Total  combined  nitrogen 
Chlorine 


Parts  PBa  million. 

Water-closet 

Midden  towns. 

towns. 

1215 

213 

242 

178 

447 

391 

722 

824 

47 

42 

22 

20 

67 

54 

77 

65 

107 

115 

From  other  sources  it  appears  tliat  the  phosphoric 
acid  amounts  to  about  25  and  the  potash  about  15 
parts  per  million.  These  proportions  are,  of  course, 
liable  to  very  wide  variation. 

It  is  calculated  that  in  an  ordinary  population 
2 1  ounces  of  solid  excreta  and  40  ounces  of  urine, 
together    containing    150   grs.    of    nitrogen,*  are 
yielded  per  person  per  day,  taking  an  average  of  all 
ages.     This  corresponds  to  about  10  lb.  of  ammonia 
per  annum,   and   a  theoretical   manurial   value  of 
6s.  8d.,  to  which  the  constituents  of  the  urine  con- 
tribute six-sevenths,  and  the  fteces  one-seventh  only. 
The  manurial  value  of  sewage  is  dependent  upon  the 
combined  nitrogen,  potash,  and  phosphoric  acid.  The 
annual  amount  of  sewage  per  head  of  population  may 
be  taken  as  100  tons,  the  theoretical  money  value  as 
manure  being  about   17s.,  to  which  the  dissolved 
matters  contribute  15s.,  and  the  suspended  matters 
only  2s.    Sewage  also  contains  variable  quantities  of 
household  waste,  rain  and  storm  water,  grit,  gravel, 
sand,  and,  in  some  localities,  manufacturing  waste 
products. 

Bacteria  in  sewage  are  chiefly  denitrifying  and 

*  This  is  Parkes's  estimate.    Franklaud's  estimate,  for  adult  males,  is 
350  to  300  grains. 
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decomposition  organisms  (p.  174).  Houston  found  in 
London  crude  sewage  at  the  Barking  outfall  an  average 
of  nearly  4,000,000  micro-organisms  per  c.c,  and  in 
one  sample  of  domestic  crude  sewage  28,000,000.  All 
kinds  of  species  are  present  (bacilli  preponderating) 
and  there  are  many  spores.  The  most  common  are 
B.  coli  (600,000  per  c.c),  the  Proteus  family  repre- 
sented by  the  "sewage  proteus  "  (100,000  per  c.c), 
B.  enteritidis  sporogenes,  sewage  streptococci,  and 
liquefying  bacilli.  Pathogenic  organisms  also  occur, 
but,  owing  to  the  struggle  for  existence,  rapidly  dis- 
appear. All  the  oi-ganisms  required  for  bacterial 
assimilation  are  present  in  the  sewage  itself.  The 
artificial  bacterial  treatment  of  sewage  is  an  applica- 
tion of  the  principles  of  nitrification  as  stated  by 
Schloesing  and  Miintz. 

Disposal  oi  sewage. — In  rural  districts  the 
household  and  other  liquid  refuse,  if  not  turned  into 
a  ditch  or  watercourse,  is  usually  conducted  to  a 
cesspool  or  collecting  tank,  from  which  it  is  periodi- 
cally removed  and  used  as  manure.  The  former 
plan  is  bad  in  every  respect.  The  latter  is  permis- 
sible if  the  cesspool  is  made  water-tight  and  properly 
covered  and  ventilated,  regularly  emptied  at  suit- 
able intervals,  and  situated  at  a  sufficient  distance 
from  any  house,  road,  or  water  supply.  The 
annotated  Model  Bye-laws  require  a  minimum  dis- 
tance of  50  feet  from  any  dwelling,  and  80  feet 
from  any  water  supply.  Sometimes  the  sewage  is 
led  to  a  pit,  or  "  dumb-well,"  in  poiws  soil,  the 
solids  being  removed  at  intervals  and  the  liquids 
escaping  into  the  ground.  This  pi-actice  is  dangerous 
if  the  pit  is  near  to  dwellings  or  water  supplies,  and 
is  not  free  from  risk  of  polluting  water  in  any  case. 
Simple  irrigation  is  free  from  objection  if  well  managed, 
even  on  the  small  scale.  "  Subsoil  irrigation"  may 
work  well  when  the  conditions  as  to  soil  and  fall  are 
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suitable  ;  the  drainage  is  conveyed  into  a  brandling 
system  of  loosely  laid  agricultural  pipes,  which  allow 
ib  to  escape  into  the  subsoil.  The  pipes  are  laid  about 
a  foot  or  more  beneath  the  surface.  It  is  often 
necessary  to  relay  them  at  intervals,  owing  to  deposit 
of  grease  and  other  obstructive  matter,  but  this  may 
to  some  extent  be  prevented  by  the  use  of  flush-tanks 
and  grease-traps  at  the  house- end  of  the  drain. 

The  chief  point  is  to  expose  the  sewage  to  the 
influence  of  growing  vegetation,  not  so  much  for  the 
sake  of  utilizing  it  as  of  rendering  it  innocuous. 
Sewage  applied  to  the  surface  is  partly  absorbed  by 
vegetation,  partly  oxidized  (nitrified)  in  the  superficial 
layers  of  earth.  The  sewage  passed  into  leaking 
cesspools  or  dumb-wells  escapes  both  forms  of  purifi- 
cation, and  simply  pollutes  the  soil  and  the  subsoil 
water. 

The  disposal  of  town  sewage  may  be  effected  in  a 
variety  of  ways.  The  oldest  and  simplest  is  to  pass 
it  without  purification  into  natural  watercourses,  a 
plan  still  common.  The  sea  affords  a  ready  means 
of  disposing  of  the  sewage  of  coast  towns.  It  is 
allowed  to  escape  only  with  the  eblj  tide,  and  reflux 
is  prevented  by  valves.  If  it  is  conducted  by  pipes 
sufficiently  far  out  to  sea,  it  may  not  be  washed  back 
by  currents  or  by  the  returning  tide  to  foul  the 
shore.  Such  a  degree  of  success  is  far  from  being 
the  rule,  and  there  are  the  further  objections  that  the 
removal  of  sewage  by  this  means  is  only  intermittent, 
and  that  the  sewage  is  (at  best)  wasted.  To  a 
certain  extent  organic  impurities  in  streams  are  got 
rid  of  by  oxidation  and  by  the  growth  of  plants  and 
other  organisms,  but  this  possibility  of  subsequent 
partial  purification  cannot  justify  the  gross  pollution 
of  a  stream  at  any  given  point.  The  purification  can 
rarely  be  complete,  and  in  no  case  can  there  be  any 
dertainty  of  the  destruction  of  specific  pollution,  a 
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consideration  that  is  especially  important  when  the 
stream  furnishes  the  water  supply  of  districts  lower 
down. 

The  alternative  is  to  purify  the  sewage  with  the 
object  of  oxidizing  or  retaining  its  dissolved  and 
suspended  impurities,  and  allowing  only  the  water 
(with,  at  most,  harmless  dissolved  matter)  to  pass 
into  watercourses  or  the  sea.  This  may  be  done  by 
jjrecipitatiooi  (with  or  without  filtration),  intermittent 
downward  filtration  througli  land,  broad  irrigation, 
or  bacterial  treatment. 

Precipitation  processes  aim  at  throwii^ig  down 
the  organic  matter  chemically  or  mechanically,  by  the 
addition  of  a  reagent  to  the  sewage.  For  the  most 
part  their  success  in  this  respect  is  only  partial,  and 
they  leave  the  ammonia  and  chlorides  in  the  effluent. 
They  are,  however,  particularly  useful  for  sewage 
containing  trade  effluents.  The  reagents,  dissolved 
or  suspended  in  water,*  are  added  to  the  raw  sewage 
either  in  the  sewers  (Scott's  and  Conder's  processes)  or, 
more  usually,  in  a  conduit  at  the  woi'ks.  In  either 
case  the  flow  of  the  reagent  is  regulated  as  required, 
and  it  becomes  thoroughly  mixed  with  the  sewage 
before  entering  the  tanks.  The  settling  tanks  are  large 
and  are  usually  worked  in  series,  the  overflow  from 
each  into  the  next  being  over  a  broad  shallow  sill,  so 
that  only  the  comparatively  pure  upper  water  may 
escape.  The  current  being  veiy  slight  in  the  tanks 
suspended  matters  are  gradually  deposited,  accumu- 
lating at  the  bottom  in  the  form,  of  sludge,  which  is 
periodically  cleared  out,  dried,  and  sold  as  manure,  or 
dug  into  the  ground,  or  (in  Scott's  process)  bui-nt  into 
cement,  A  similar  subsidence  takes  place  if  no  precipi- 
tant is  used,  but  the  dissolved  organic  matter  remains  in 
solution,  and  the  settlement  of  the  suspended  matter  is 

*  In  the  aluniino-ferric  process,  cakes  of  tlie  reagent  are  laid  in  the 
sewage  current  and  dissolve  slowly. 
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much  slower  and  less  complete.  A  good  precipitation 
process  will  rapidly  clarify  the  sewage  by  removing 
all,  or  nearly  all,  the  suspended  impurities,  and  will, 
moreover,  carry  down  a  greater  or  less  part  of  the 
dissolved  organic  matter.  The  effluent  will  be  fairly 
clear,  but  will  contain  the  chlorides  and  certain  other 
salts,  ammonia,  and  more  or  less  of  the  dissolved 
organic  matter.  It  is  therefore  necessary  to  subject 
the  effluent  to  further  treatment — that  is,  to  filtration 
— in  order  to  oxidize  the  remaining  organic  matter. 

Precipitation  affords  no  guarantee  of  the  removal 
of  microbes,  pathogenic  or  otherwise,  and  has  the 
further  disadvantage  in  that  it  creates  large  quantities 
of  sludge.  Sludge  may  be  disposed  of  as  marketable 
manure  ;  or  deposited  in  the  sea  ;  or  burnt,  or  destroyed 
by  distillation  ;  or  the  grease  may  be  extracted  for 
sale,  as  at  Bradford. 

Many  of  the  ijrecipitation  processes  descrited  in  text-books 
have  been  abandoned  on  account  of  cost  or  want  of  efficienc}', 
and  have  now  only  an  historic  interest.    Lime  is  by  far  the  most 
generally  employed,  either  alone  or  in  conjunction  with  other 
reagents.    It  has  been  used  together  with  clay  {ScoW),  calcium 
Ijhosphate  QWhitthread),  magnesium  chloride  and  ta.r  (Eille). 
The  "  Amines  "  process  consists  in  adding  lime,  together  with  a 
little  herring  brine.    The  latter,  by  virtue  of  the  triraethyl- 
amine  and  other  ingredients  (aminol),  acts  as  an  antiseptic. 
The  effluent  does  not  decompose,  and  yields  no  microbes  on 
cultivation.    The  precipitation  is  rapid.    Lime  with  ferrous 
sulphate,  ferric  chloride,  or  aluminium  sulphate  gives  a  bulky 
precipitate  of  the  respective  hydrate,  which  entangles  and 
carries  down  organic  matter  with  it.    Lime  and  ferric  sulphate 
has  been  a  very  successful  precipitant.    Crude  aluminium  sul- 
phate, made  by  acting  upon  clay  or  shale  with  sulphuric  acid 
is  Anderson's  (and  also  Bird's)  precipitant ;  and  sulphuric  acid 
with  mineral  phosphate  of  alumina  is  the  basis  of  Forbes  and 
Price's  process.     Spence's  "  alumino-ferric "  contains  a  very 
small  proportion  of  iron  salts.  The  "ABC"  process  consists  in 
adding  aluraino-ferric,  blood,  clay,  and  charcoa  .    The  sludge 
is  formed  into  cake  and  sold  as  "  native  guano."    This  process 
is  carried  out  efficiently  at  Kingston,  and  is  commonly  used 
for  domestic  sewage. 
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Another  precipitant  is  "  ferro-zone,"  made  by  acting  with 
sulphuric  acid  upon  "  polarite,"  described  as  a  specially  prepared 
ore  of  iron.  The  effluent  is  filtered  through  a  bed  of  polarite. 
Another  iron  process,  differing  from  the  rest  in  being  applied 
at  the  head  of  the  sewer  or  house  drain,  is  Conder's,  in  which 
a  regulated  quantity  of  ferrous  sulphate  is  added  constantly 
and  automatically  by  means  of  a  stream  (of  water  or  sewage) 
passing  through  a  vessel  ("  ferrometer  ")  containing  crystals  of 
ferrous  sulphate.  It  seems  to  be  successful  in  preventing 
decomposition  and  effluvia,  and  in  keeping  the  drains  free  from 
deposit.  A  saturated  oxy-chloride  of  iron  is  used  as  a 
precipitant,  in  the  ordinary  way,  in  the  "  Clarine  "  process. 
Use  is  sometimes  made  of  chalybeate  waters  for  precipitation 
purjioses. 

Webster's  electrolytic  process  adds  iron  indirectly.  The 
sewage  is  made  to  flow  through  a  sei-ies  of  tanks  in  which  it  is 
exposed  to  a  powei-ful  electric  current  passing  between  elec- 
trodes consisting  of  iron  plates.  Ferrous  hydrate  is  con- 
tinuously formed,  and  reacts  at  once  in  the  nascent  condition 
upon  the  sewage,  causing  a  rapid  and  fairly  complete  precipita- 
tion of  solids.  A  clear  and  slightly  greenish  effluent  results, 
which  is  remarkably  free  from  microbes  and  has  little  ten- 
dency to  secondary  putrefaction.  In  the  Hermite  process 
electrolysed  sea- water  is  employed  (as  at  Guildford). 

In  the  black-ash  process,  a  waste  product  from  alkali-  and 
soap-works  is  used  as  a  precipitant.  This  refuse  contains 
calcium  sulphide,  which  by  exposui-e  to  air  is  partially  oxidized 
into  calcium  sulphite  and  hyposulphite.  The  prepared  black- 
ash  is  used  together  with  lime. 

Lime  processes  in  general  yield  an  alkaline  effluent,  which 
has  a  tendency  to  "secondary  decomposition."  A  lime 
effluent  that  is  bright  and  clear  on  leaving  the  works  will 
often  be  found  to  become  turbid  and  oiSensive,  if  its  run  can  be 
traced  for  a  few  hundred  yards,  without  excessive  dilution  by 
other  Avater. 

Precipitation  and  filtration.— Many  of  the  precipita- 
tion processes  require  to  be  followed  by  filtration. 

Among  artificial  filtering  media,  employed  after  precipita- 
tion, are  various  forms  of  carbon,  ferruginous  materials,  and 
coke  or  burnt  "ballast."  All  of  these,  like  land  filters,  serve 
mainly  as  a  nidus  for  the  aerobic  nitrifying  organisms,  and 
their  efficiency  depends  largely  upon  proper  management,  and 
especially  due  aeration.  The  flow  should  be  intermittent  and 
not  too  rapid.  Coke  is  widely  used.  Garfield  finds  that  fine 
coal  filters  give  excellent  results,  and  possibly  the  non-porosity 
of  the  particles  is    an   advantage.    Ferruginous  materials 
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include  "  polarite,"  "magnetite,"  iind  "magnetic  carbide"; 
they  should  be  covered  with  a  layer  of  sand,  renewed  at 
intervals. 

By  filtration  it  is  sought  to  remove  the  suspended  matters, 
and  to  oxidize  the  organic  matters  and  ammonia.  The  eHiuent 
should  contain  only  chlorides  and  other  dissolved  mineral  salts 
and  nitrates,  but  some  free  and  albuminoid  ammonia  is  always 
found  upon  analysis. 

Intermittent  downward  filtration  may  be  defined 
as  "the  concentration  of  sewage  at  short  intervals, 
on  an  area  of  specially-chosen  porous  ground  as  sniall 
as  will  absorb  and  cleanse  it,  not  excluding  vegetation, 
but  making  the  produce  of  secondary  importance,"  the 
How  of  sewage  being  suspended  from  time  to  time  in 
order  to  allow  the  filter  to  become  charged  afresh  with 
oxygen  from  the  air. 

Land  filtration  requires  a  porous  soil,  underdrained 
by  porous  pipes  at  a  depth  of  4  to  6  feet.  The 
sewage  is  distributed  over  the  surface  by  means  of 
branching  carriers  or  trenches,  controlled  by  sluices, 
so  that  each  portion  of  the  ground  in  turn  receives 
the  sewage  for  a  few  hours,  and  each  has  intervals  of 
rest.  The  soil  is  raised  in  ridges,  upon  which  vege- 
tables are  grown,  the  sewage  flowing  along  the 
furrows  between  the  ridges.  The  utilization  of  the 
sewage  is  a  minor  consideration ;  but  vegetation 
is  useful  in  absorbing  and  assimilating  the  organic 
matter.  This  method  is  relatively  costly,  and  requires 
1  acre  of  land  to  every  1,000  of  population.  Land- 
filters  planted  with  osiers  (osier-beds)  are  sometimes 
employed  for  the  purification  of  village  sewage,  or  for 
the  occasional  treatment  of  storm  waters  that  cannot 
be  dealt  with  otherwise.  The  osiers  absorb  water  and 
sewage  matter  freely  ;  but  constant  care  is  needed  to 
prevent  choking  of  the  surface-soil,  or  of  the  sub- 
drainage.  ,      T  ^  ■^  f 

Broad  irrigation  "  means  the  distribution  ot 
sewa-e  over  a  large  surface  of  ordinary  agricultural 
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ground,  having  in  view  a  maximum  growth  of  vege- 
tation (consistently  with  due  purification)  for  the 
amount  of  sewage   supplied."      For   broad  irriga- 
tion, as  for  simple  filtration,  the  soil  should  be  porous, 
but 'not  necessarily  underdraiiied.     The  sewage  is 
distributed  over  each  portion  of  the  ground  inter- 
mittently, by  means  of  branching  carriers,  which  pass 
along  ridges  of  soil  about  20  feet  apart,  or  along  con- 
tours of  slopes,  and  are  controlled  by  sluices.  At 
intervals  the  sewage  is  turned  into  each  carrier,  and 
overflows  down  the  slope.     The  sewage  is  screened 
before  distribution,  unless  it  has  been  subjected  to 
preliminary  filtration  or  precipitation.    The  effect  is 
similar  to  that  of  simple  intermittent  downward  filtra- 
tion, of  which,  indeed,  this  is  only  a  modification. 
The  nitrates  may,  however,  be  reduced  by  vegetation. 
The  crops  grown  upon  "  sewage-farms  "  are  very  heavy. 
Italian  rye-grass  is  well  adapted   for  the  purpose, 
since  it  grows  rapidly  and  absorbs  much  sewage,  but 
many  other  forms  of  vegetation  can  be  substituted. 
If  the  land  is  limited  in  area,  provision  may  be 
made  for  temporary  excess  of  sewage  after  heavy 
rainfall  by  setting  aside  a  portion  of  the  ground  as 
a  land-filter. 

It  is  usual,  in  cases  where  the  approval  of  the 
L.G.B.  is  required,  to  provide  at  least  an  acre  of 
land  for  each  300  of  population  if  broad  irrigation  is 
adopted  ;  or  an  acre  for  each  1,000  if  there  be  either 
broad  irrigation  coupled  with  precipitation  or  inter- 
mittent downward  filtration  through  underdrained 
land ;  or  an  acre  for  each  2,000  if  precipitation  is 
followed  by  land  filtration.  It  is  considered  necessary 
to  secure  land,  to  the  above  extent,  even  if  artificial 
filters  are  provided. 

Apart  from  the  action  of  vegetation,  the  purifying 
effect  of  different  soils  shows  considerable  variation. 
The  Rivers  Pollution  Commissioners  found  that  a  cubic 
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yard  of  chalk  or  sand  effectually  purified  5"G  gallons 
of  sewage  per  diem,  applied  intermittently ;  while  a 
sample  of  loam  purified  9 '9  gallons  under  the  same 
conditions.  Peat  had  slight  purifying  power  at  first, 
but  improved  with  repeated  use,  owing,  perhaps,  to 
increase  in  the  nitrifying  organisms.  Intermittent 
filtration  through  suitable  soil  removed  70  per  cent, 
of  the  organic  nitrogen,  and  upwards  of  80  per  cent, 
of  the  organic  carbon.  On  the  whole  it  may  be  said 
that  peat  and  stiff  clay  lands  are  generally  unsuitable 
for  the  purification  of  sewage,  that  their  use  for 
this  purpose  is  always  attended  with  difficulty,  and 
that  where  the  depth  of  top  soil  is  very  small,  say 
six  inches  or  less,  the  area  of  such  lands  which  would 
be  required  for  efficient  purification  would  in  certain 
cases  be  so  great  as  to  render  land  treatment  imprac- 
ticable. 

The  first  Sewage  Commission  (1857-1865)  reported  that  "the 
right  way  to  dispose  of  town  sewage  is  to  apply  it  con- 
tinuously to  land,  and  it  is  only  hy  such  application  that  the 
pollution  of  rivers  can  be  avoided." 

A  farther  Commission  (1868-1874),  appointed  to  inquire 
into  the  best  means  of  preventing  the  pollution  of  rivers, 
reported  with  regard  to  chemical  precipitation,  intermittent 
filtration,  and  broad  irrigation:  (1)  All  these  are  to  a  great 
extent  successful  in  removing  polluting  organic  matter  in 
suspension,  but  intermittent  filtration  is  best,  broad  irrigation 
ranks  next,  and  the  chemical  precipitation  processes  are  less 
efficient.  (2)  For  removing  organic  matters  in  solution  the  pro- 
cesses of  downward  intermittent  filtration  and  broad  irrigation 
are  greatly  superior  to  upward  filtration  and  chemical  processes. 

Another  Commission  (1882-1884)  appointed  to  inquire  into 
the  system  under  which  London  sewage  was  discharged  into 
the  Thames,  whether  any  evil  effects  resulted  therefrom,  and, 
if  so,  what  remedial  or  preventive  measures  could  be  applied, 
found  that  evils  did  exist  "  imperatively  demanding  a  prompt 
remedy,"  and  that  by  chemical  precipitation  a  certain  part  of 
the  organic  matter  of  the  sewage  would  be  removed.  They 
reported,  however,  "that  the  liquid  so  separated  would  not  be 
sufficiently  free  from  noxious  matters  to  allow  of  its  bemg 
discharged  at  the  present  outfalls  as  a  permanent  measure.  It 
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would  require  further  purification,  and  this,  accoi-ding  to  the 
present  state  of  knowledge,  can  only  be  done  effectually  hj'  its 
application  to  the  land." 

Experience  has  shown  that  with  careful  manage- 
ment a  proi^ei'ly  constructed  sewage-farm  can  be  carried 
on  without  nuisance  or  injury  to  the  health  of  the 
surrounding  population ;  but  if  the  land  becomes 
watei'logged  from  accident,  defect,  or  inattention,  grave 
nuisance  may  readily  result.  It  was  at  first  feared 
that  parasitic  and  other  diseases  in  animals  and  man 
would  be  promoted  by  the  use  of  the  produce  of  sewage- 
farms  as  food,  but  no  such  result  has  been  observed. 

Bactei'jal  ti'oatmciit.  —  Biological  methods 
of  sewage  purification  liave  of  late  been  more 
thoroughly  studied,  with  important  results.  Tiiey 
are  dependent  on  aerobic  and  anaerobic  organisms 
present  in  the  sewage  itself.  {See  p.  174.)  The 
oxidation  effected  by  the  aerobic  organisms  has  been 
increased  by  supplying  oxygen  more  freely  by  arti- 
ficial means  on  a  contact  heel,  that  is,  a  specially 
prepared  filter  charged  intermittently  with  sewage 
which  is  allowed  to  rest  for  a  time  upon  it ;  and 
the  role  of  the  anaerobes  has  been  encouraged  by 
previously  subjecting  the  sewage  to  anaerobic  fermen- 
tation, the  effect  of  which  is  to  bring  about  more 
complete  solution  of  the  organic  matter  and  render  it 
readily  oxidizable.  For  this  purpose  the  "septic 
tank "  has  become  widely  used.  Thus,  speaking 
broadly,  two  main  systems  have  arisen  :  (1)  an 
aerobic  ov  contact  bed  method,  and  (2)  an  anaerobic 
or  septic  tank  method. 

The  combined  process  depends  upon  two  groups 
of  organisms,  namely,  those  that  are  able  to  break 
down  and  liquefy  solid  organic  matter,  and  those 
f;hat  deal  with  it  when  in  solution  ;  but  no  strict 
line  of  demarcation  can  be  drawn  between  them. 
[See  pp.  174  and  1 75.)   Different  systems  depend  upon 
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an  anaerobic  action  (Cameron,  Scott-Moncrieff,  etc.) 
or  aerobic  (Dibdin,  Fowler,  etc.),  or  a  mixture  of 
the  two.  Whatever  system  is  used,  the  two  great 
agencies  of  breaking  down  and  oxidation  must  be 
allowed  ample  opportunity.  The  two  types  are 
illustrated  in  Cameron's  septic  tank  (anaerobic)  at 
Exeter  and  many  other  places,  and  in  the  multiple 
contact  bacteria-beds  (aerobic)  at  the  Davyhulme 
Works,  Manchester. 

Lowcock  blows  air  into  the  interstices  of  the  filter  by 
means  of  perforated  pipes.     Scott-Moncrieff  passes  sewage, 
after  anaerobic  treatment,  through  a  vertical  series  of  shallow 
coke  filter-boxes,  with  intervening  air-spaces;  and  finds  that 
there  is  a  differentiation  of  the  microbes  in  the  successive 
stages,  so  that  if  the  sequence  of  the  filters  is  changed  the 
purification  is  for  a  time  arrested,  and  the  effluent  becomes 
foul.    Ducat's  tank  is  filled  with  porous  material,  such  a^ 
burnt  ballast-finer  below  and  coarser  above  ;  it  is  ventilate! 
by  field-pipes  passing  through  at  various  levels,  and  the  waLls 
of  the  tank  are  for  the  most  part  built  of  open  drain-pipes 
placed  transversely  so  as  to  admit  air  freely  ;  it  is  claimed  that 
the  tank  can  he  used  continuously  without  rest,  and  that  no 
further  treatment  is  necessary.    Automatic  tipping  troughs 
are  used  by  which  the  sewage  drips  on  to  the  bed  and  is  thus 
SaJed  '   Dibdin  employs  a  tank  filled  with  coarse  burnt 
ballast-  the  sewage  is  ran  in  and  allowed  to  stand  for  two 
hours  ;f  ei  which^t  is  slowly  run  of£-to  filters,  or  to  a  second 
tank  With  finer  materials-and  the  tank  is  allowed  several 
hours'  rest  for  aeration. 

For  contact  beds  which  act  partly  mechanically 
as  strainers  and  partly  biologically,  burnt  clay,  coke 
clinker,  cinders,  or  various  forms  of  gravel  may  all 
be  efficient  media,  provided  there  is  ample  aeration 
and  porosity;  loose-jointed  tile  di;ain-pn^es  are  laid 
along  the  bottom  to  carry  off  the  effluent.  The 
depth  of  the  beds  may  vary  from  2  to  6  feet  and 
half  an  acre  of  bed  is  required  for  every  l,000-l,oOO 
population.  To  assist  in  maintaining  aeration  the 
surface  should  be  raked  over  from  time  to  time. 
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Obstruction  by  frost  rarely  occurs,  the  temperature 
of  the  sewage  being  from  December  to  April  about 
55-5°  F.  Frequent  and  prolonged  periods  of  rest 
are  necessary  ;  without  them  the  beds  become 
clogged,  and  eventually  inactive  because  lacking  in 
aerobic  bacteria.  The  sewage  applied  to  the  bed 
should  be  as  far  as  possible  uniform  in  consistence 
and  freed  from  suspended  matters  by  sedimentation 
or  screening.  Mechanical  sprinklers,  dripping  trays, 
or  tipping  troughs  are  used  for  the  uniform  distribu- 
tion of  the  sewage  on  the  bed. 

Fowler  concludes  that  the  bacterial  process  is 
best  conducted  in  three  stages — (a)  settlement  and 
screening  out  of  the  grosser  solids ;  (6)  anaerobic 
decomposition  in  the  septic  tank  ;  and  (c)  oxidation 
on  bacteria  beds.  He  summai-izes  the  conditions  of 
the  successful  working  of  contact  beds  as  the  result  of 
the  Manchester  experience  as  follows  : — 

(1)  The  bed  should  be  worked  very  slowly  at  first,  in  order 
to  allow  it  to  settle  down  and  the  bacterial  growths  to  form. 
In  this  way  there  will  be  less  danger  of  suspended  matter 
finding  its  way  into  the  body  of  the  bed,  while  the  material  is 
still  loose  and  open.  (2)  The  burden  should  not  be  increased 
till  analysis  reveals  the  presence  of  surplus  oxygen,  either 
dissolved  or  in_  the  form  of  nitrates  in  the  effluent.  (3)  An- 
alyses of  the  air  in  the  bed  may  usefully  be  made  from  time 
to  time  during  resting  periods.  (4)  The  variations  in  capacity 
should  be  carefully  recorded.  If  the  capacity  is  found  to 
be  rapidly  decreasing,  a  period  of  rest  should  be  allowed. 
(5)  Long  periods  of  rest  should  be  avoided  during  winter,  as  when 
deprived  of  the  heat  of  the  sewage  the  activity  of  the  organisms 
decreases.  If  necessary,  the  burden  on  the  bed  should  then 
be  decreased  by  reducing  the  number  of  fillings  per  day, 
rather  than  by  giving  a  long  rest  at  one  time.  (6)  The  insol- 
uble suspended  matter  should  be  retained  on  the  surface  by 
covering  the  latter  with  a  layer  of  finer  material  not  more  than 
three  mches  in  depth.  The  suspended  matter  thus  arrested 
should  not  be  raked  into  the  bed,  but  when  its  amount  becomes 
excessive  it  should  be  scraped  oflP.  This  should  be  done  if 
possible  in  dry,  warm  weather,  after  the  bed  has  rested  some 
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days.  By  placing-  the  inlet  and  outlet  penstocks  as  close 
together  as  possible,  the  suspended  matter  will  tend  to  concen- 
trate in  their  vicinity,  and  its  removal  will  be  facilitated. 

The  Royal  Commission  on  Sewage  Disposal 
(Fifth  Report,  1908)  reported  somewhat  unfavourably 
on  the  septic  tank  method  used  by  itself,  and  de- 
clared that  its  chief  advantages  were  settlement  of 
suspended  matter,  digestion  of  some  of  the  sludge, 
and  equalization  of  strength  of  sewage. 

It  should  be  noted  that  if  sewage  contains  patho- 
genic bacteria,  and  is  then  treated  by  bacterial 
methods,  the  effluent  cannot  certainly  be  assumed 
to  be  safer  in  this  respect  than  the  raw  seAvage  diluted, 
and,  therefore,  effluents  should  not  be  passed  into 
drinking-water  streams,  but  on  to  the  land. 

Selection  of  metliod. — The  choice  among  the 
various  methods  of  purification  of  sewage  must  be 
determined  largely  by  local  considerations.  We 
have  already  quoted  the  findings  of  the  Sewage  Com- 
mission of  1868  (see  p.  318).  If  the  sewage  is  free 
from  manufacturing  effluents  of  injurious  character, 
and  if  a  sufficient  area  of  suitable  land  can  be  obtained 
in  a  convenient  position  at  a  reasonable  cost,  broad 
irrigation  is  entitled  to  preference  as  the  most  rational 
and  economical  method  of  treatment.  If  there  is 
serious  difficulty  in  obtaining  suitable  land,  simple 
intermittent  downward  filtration,  or  the  bacterial 
treatment,  may  be  preferable  ;  and  precipitation  pro- 
cesses and  artificial  filters  for  still  smaller  areas  may 
suffice.  The  Royal  Commission  (1908)  found  that 
the  average  purification  secured  on  sewage  farms  Avas 
78  per  cent.,  and  on  contact  beds  93  per  cent.  The 
effluents  are  much  the  same  chemically.  The  Com- 
mission (1909)  also  showed  that  in  practice  no 
sewage  has  been  found  (whether  containing  pot-ale  or 
other  trade  effluent)  which  cannot  be  purified  by 
bacterial  treatment. 
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Proper  construction  in  the  first  instance,  and 
careful  management  afterwards,  are  essential  in  every 
process,  and  without  them  nuisance  cannot  fail  to 
result.  It  is  desirable,  for  the  sake  of  economy  and 
efficiency  in  management  and  supervision,  that  sewage 
should  be  dealt  with  at  as  few  points  as  possible. 
The  process  of  purification  is  greatly  facilitated  by  the 
"separate  "  system  of  drainage,  the  volume  of  sewage 
being  thereby  reduced  and  rendered  more  constant. 

In  manufacturing  districts  the  pi-incijDal  difficulty 
arises  in  connexion  with  trade  effluents.  Many 
kinds  of  manufacturing  refuse  if  admitted  into  the 
sewers  interfere  with  the  efficacy  of  land  filtration, 
either  by  clogging  the  soil  or  chemically  checking 
the  process  of  oxidation.  The  latter  condition  also 
operates  prejudicially  in  bacterial  methods.  In  such 
cases  a  preliminary  purification  by  precipitation  is 
necessary,  and  it  is  probable  that  the  effluents  of 
different  trades  will  be  found  to  require  diflferent 
chemical  treatment.  If  they  are  poured  into  streams 
without  purification,  they  cause  pollution  exceeding  in 
intensity  that  caused  by  domestic  sewage.  For  each 
manufacturer  in  such  a  district  to  deal  with  his  own 
refuse  would  entail  a  very  heavy  aggTegate  expense  j 
and  the  multiplication  of  such  works  is  in  itself  un- 
desirable, since  it  must  increase  the  risks  of  mis- 
management and  failure.  Still,  where  trade  effluents 
cannot  be  received  into  the  sewers,  the  responsibility 
for  their  purification  rests  with  those  who  produce 
them.  In  some  cases  the  difficulty  may  be  overcome 
by  combination  among  manufacturers,  and  in  others 
by  the  provision  of  a  special  intercepting  sewer.  A 
satisfactory  compromise  has  been  reached  in  some 
towns  by  the  manufacturers  partially  purifying  the 
effluents  before  turning  them  into  the  sewers. 

The  Rivers  Pollution  Commissioners  in  1868 
proposed   that  impurities   exceeding  any   of  the 


324  REMOVAL  OF  REFUSE     [chap,  ix 

following  standards  should  be  held  to  render  an 
effluent  unfit  for  discharge  into  a  river  :— 


Impurity. 


In  suspension — 
Organic  matter  . 
Mineral  matter 

Oily  matter 
In  solution — 

Organic  matter ; — 
Oi'gaiiic  carbon 
Organic  nifcrogeu  . 

Metals  (other  than  K,  Na 
Ca,  Mg)  .       .  . 

Arsenic 

Chlorine  (free,  after  ad 

ditiou  of  HoSOj)  . 
Sulphur  as  sulphides 
Acidity  (as  HCl) 
Alkalinity  (as  NaHO) 
Colour 


Parts  per  100,000 
in  excess  of 


1 

3 

0-05 


2 

0-3 

2 

0-05 

1 
1 
2 
1 


Other  standards. 


'Perfect  rest  in  subsi- 
dence tanks  for  at 
least  six  hours  also 

I.  required. 
Or  any  film  of  oil  on 
the  surface. 


Auy  distinct  colour  in 
depth  of  1  inch  when 
examined  by  daylight 
iu  a  white  vessel 


The  Royal  Commission  on  Sewage  Disposal  (1908) 
stated  provisionally  for  the  guidance  of  Local  Authori- 
ties that  an  effluent  which  complies  with  the  follow- 
ing conditions  would  be  satisfactory  : — 

(1)  That  it  should  not  contain  more  than  3  parts 
per  100,000  of  suspended  matter. 

(2)  That  after  filtration  through  filter  paper  it 
should  not  absorb  more  than  0-5  part  by 
weight  per  100,000  of  dissolved  or  atmospheric 
oxygen  in  24  hours,  1-0  part  in  48  hours,  and 
1-5  parts  in  5  days. 


CHAPTER  X 


DISPOSAL  OF  THE  DEAD 

The  daily  average  of  deaths  in  England  and  Wales 
is  about  1,500.  The  disposal  of  this  enormous  number 
of  dead  (many  of  whom  have  died  of  infectious  dis- 
eases) in  such  manner  as  to  avoid  danger  to  the  living 
is  a  sanitary  problem  which,  like  man}'-  others,  has  only 
received  due  attention  within  comparatively  recent 
years.  The  horrible  overcrowding  of  graveyards  which 
prevailed  in  the  early  part  of  last  century  is  now 
rarely  met  with,  and  is  only  possible  in  the  older 
grounds  which  are  not  subject  to  modern  regulations, 
and  which  have  not  been  formally  closed  by  Order  in 
Council.  Seymour  Haden  has  shown  that  if  carcases 
are  covered  by  a  foot  of  suitable  earth,  the  perishable 
parts  disappear  inoffensively  within  twelve  months, 
and,  speaking  broadly,  it  may  be  said  that  for  every 
foot  of  depth  below  the  surface  of  the  soil  one  year  or 
thereabouts  is  necessary  for  resolution.  The  present 
practice,  however,  and  even  the  law,  are  incon- 
sistent with  burial  sufficiently  sliallow  to  permit 
of  the  due  action  of  the  nitrifying  organisms  found 
only  in  the  upper  layers  of  the  soil.  The  objects  of 
earth-burial  are  further  frustrated  by  the  still  preva- 
lent use  of  metallic  or  heavy  wooden  coffins. 

Biirial-g^roiiiids.— The  objects  to  be  aimed  at  are 
rapid  resolution  and  complete  oxidation  or  absorp- 
tion of  the  products.  Hence  the  soil  should  be  light, 
op(^n,  porous,  and  either  naturally  or  artificially 
drained  to  a  depth  of  not  less  than  eight  feet,  so  that 
air  and  moisture  may  pass  freely  but  in  a  finely 
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divided  state.    Loam  or  sandy  mould  is  about  the 
best  soil;  clay  is  difficult  to  drain,  retards  decom- 
position by  excluding  air  and  moisture,  and  either 
retains  the   products  of    decomposition    or  allows 
them  to  escape  through   fissures.     A  loose  stony 
soil  allows  gases  to  escape  too  freely.    In  cases  of 
difficulty,  as  regards  soil  or  drainage,  the  level  may 
be  raised  artificially.     It  is  desirable  that  burial- 
grounds  should  not  closely  adjoin  dwellings.*  While 
convenient  of  access,  they  should,  therefore,  be  placed 
outside  the  limits  of  present  or  probable  future  den.se 
building,  and  a  margin  of  twenty  feet  or  more  in  width 
should  be  reserved  for  walks  and  planting.  The 
surface  should  be  grassed.    Cemeteries  should  not  be 
placed  on  elevated  ground  whence  the  natural  drain- 
age may  find  its  way  to  dwellings  below,  or  may  con- 
taminate any  water  supply.    For  obvious  reasons, 
lands  liable  to  floods  or  encroachment  by  streams  or 
by  the  sea  are  unsuitable.    For  Model  Bye-laws  see 
p.  697.    The  ordinary  grave  space  being  9  feet  by 
4,  it  is  usually  estimated  that  an  acre  of  ground 
is  a  minimum  allowance  for  a  population  of  1,000 
persons  for  sixty  years.    The  four  chief  sanitary  con- 
siderations  therefore  to  be  held  in  view   in  the 
provision  of  burial-grounds  are  (a)  suitable  soil  and 
proper  elevation  of   site,  {h)   a   suitable  position, 
especially  with  respect  to  houses  and  sources  of  water 
supply,  (c)  sufficient  space,  and  {d)  proper  regula- 
tion and  management.  (L.G.B.  Memorandum,  i  JUb.) 

There  can  be  no  question  of  the  injurious  effects 
of  overcrowded  burial-grounds  upon  the  health  of  the 
immediately  surrounding  population,  but  there  is  no 
clear  evidence  of  harm  accruing  under  the  conditions 

*  The  Public  Hcalth(lutcrmc,d.)  Act  1879  pvo.u 
of  a  cemetery  ^vithiu  200  yards  0''''V"'"r\  "      ■,  or^'  .^^ 

bniUliTig  nearer  to  the  cemetery. 
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enforced  in  modem  well-reo-ulated  cemeteries.  The 
dangers  to  be  apprehended  are  contamination  of  air 
and  water,  to  which,  perhaps,  ought  to  be  added  the 
possible  retention  or  even  multiplication  of  the  germs 
of  specific  disease,  many  varieties  of  which  can  live  in 
the  soil.  Effluvia  may  rise  to  the  surface,  or  pass  later- 
ally for  unknown  distances,  possibly  to  the  basements 
of  houses  ;  but  this  is  not  likely  to  happen  if  the 
conditions  already  specified  are  observed.  The  drain- 
age, artificial  or  natural,  must  be  so  arranged  that  it 
cannot  find  access  to  any  supply  of  drinking-water, 
be  it  stream,  well,  or  other  source.  Investigations 
by  Buchanan  Young  show  that  organic  matter  and 
bacteria  are  increased  in  the  deeper  layers  of  soil,  but 
not  in  the  upper  reaches.  In  vaults  and  over  graves 
with  an  insufficient  covering  of  earth,  fetid  organic 
matter,  ammonia,  ammonium  sulphide,  and  sulphur- 
etted hydrogen  have  been  found. 

Persons  taking  part  in  exhumations  have  in  many 
instances  suflfered  from  febrile  attacks  of  vai'yino- 
character  and  intensity  ;  but  as  a  rule  nothing  more 
than  diarrhoea,  and  occasionally  vomiting,  results 
from  such  exposure,  and  that  only  in  a  minority  of 
cases.  Much  depends  upon  the  completeness  of  the 
putrefactive  changes.  Grave-diggers  do  not  appear 
to  be  an  unhealthy  or  short-lived  class. 

Brick  graves,  vaults,  catacombs,  heavy  oak  coflins 
and  (worst  of  all)  lead  coffins,  are  all  objectionable,  and 
represent  a  futile  attempt  to  prevent  decomposition. 
They  only  retard  the  process,  and  render  it  far  more 
likely  to  injure  the  living  than  if  the  pent-up  gases 
and  fluids  were  exposed  to  the  deodorizing  and 
oxicliznig  influence  of  aerated  earth.  Perishable 
coffins  of  wicker,  light  wood,  or  papier  mache  are 
most  suitable  of  all. 

"Tho  degree  to  which  the  purity  of  noighboui'in.-  wells  is 
endangered  by  a  burial-ground,  and  the  distance  to  ^^^hioh  con 
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tamination  may  extend,  will  depend  in  each  particular  case 
upon  the  relative' elevation  of  the  respective  sites  of  burial- 
ground  and  well,  and  upon  the  nature  and  dip  of  the  inter- 
vening strata  and  the  direction  and  amount  of  flow  of  under- 
ground water,  so  that  it  is  impossible  to  lay  down  a  general 
rule  for  all  cases.  Fissured  rock  might  allow  foul  matters  to 
traverse  considerable  distances,  while  the  interposition  of  a  bed 
of  clay  or  a  watertight  faiilt  would  shut  them  off,  or  the 
passage  through  an  aerated  stratum  of  finely  divided  _  eat  th 
would  oxidize  and  destroy  them  on  their  way.  The  risk  of 
pollution  would  seem  to  be  greatest  when  graves  and  wells  are 
sunk  near  together  in  a  shallow,  superficial  water-bearing 
stratum  of  loosely  porous  nature  resting  on  impervious  clay, 
the  water  in  the  superjacent  bed  being  stagnant. 

"  It  does  not  appear,  however,  that  the  risk  to  which  wells 
are  exposed  from  the  proximity  of  a  properly  managed  burial- 
ground  is  in  ordinary  cases  great.  It  is  probably  less  than 
that  to  which  in  unsewered  villages  they  are  exposed  by  soak- 
ao-e  into  the  subsoil  from  cesspools  and  privies  ;  seeing  that 
the  solid  and  liquid  excretions  voided  by  a  human  being  in  the 
course  of  a  single  year  amount  to  several  times  the  weight  ot 

his  |^,9|^j^j^.^  connexion  attention  maybe  called  to  the  researches 
of  Dr.  Klein,  the  results  of  which  are  thus  summanzed  (Ann. 
Rep  ,  L  a.B.,  1899)  bv  him:— 'Direct  experiment  lends  no 
confirmation  to  the  general  and  popular  belief  that  the  microbes 
of  infectious  disease  retain  their  vitality  and  power  of  mischiet 
within  dead  and  buried  bodies  for  indefinite  periods  On  the 
contrary,  these  researches  show  that,  as  far  as  the  bodies  of  the 
guinea-pig  are  concerned,  the  vitality  and  infective  power  of 
those  microbes  that  have  been  made  the  subject  of  experiment 
passes  away  in  a  comparatively  short  time  ;  that  m  most  cases 
a  month  is  sufiicient  for  this  result-that  is  to  say,  long  before 
the  coffins  containing  the  buried  bodies  have  shown  any  in- 
dication of  leakage.'  This  statement,  however,  does  not  apply 
to  poisonous  chemical  products  of  decomposition  which  may 
long  retain  noxious  properties,  especially  where  the  circum- 
stances are  such  as  to  exclude  free  access  of  air 

"  The  precautions  to  be  taken  to  avoid  pollution  of  weUs  and 
springs  in  the  neighbourhood  of  a  burial-ground  will  depend 
much  upon  local  circumstances;  they  may  be  sa  d  to  be- 1st. 
Sie  inte?vention  of  a  sufficient  space  between  the  burial-ground 
andThe  water  source;  2nd,  proper  drainage  where  necessa^^^^ 

in  order  that  the  subsoil  water  of  the  ^'""''l-^?^-""^. 'Sal 
conveyed  away ;  and  3rd,  proper  management  of  the  buria  - 
g?-ound  so  that  he  amount  if  organic  matter  in  one  place  shall 
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not  be  more  than  the  soil  can  dispose  of.  In  cases  where  the 
Board's  sanction  or  approval  is  required,  a  site  woiild  not  be 
approved  if  it  appeared  likely  that  the  purity  of  existing  water 
supplies  would  be  endangered,  though,  as  in  the  case  ot  the 
erection  of  new  houses  when  a  burial-ground  has  come  into 
existence,  there  is  no  power  to  prevent  anyone  from  sinking  a 
well  on  his  own  property,  as  near  to  the  burial-ground  as  he 
pleases.  Of  course,  should  the  well  become  polluted,  it  can  be 
dealt  with  nnder  the  provisions  of  the  Public  Health  Act. 
The  reservation,  free  from  interments,  of  a  strip  of  land  next 
the  boundary,  as  before  recommended,  would  be  of  service  in 
this  relation  also. 

"  The  draina<>-e  water  from  a  burial-ground  should  not  be 
allowed  to  enter  a  stream  from  which  water  is  drawn  for 
domestic  purposes.  Special  treatment  will  be  necessary  of  the 
subsoil  drainage  of  a  burial-ground  before  its  admission  to  any 
stream  in  cases  where  the  soil  of  the  burial-ground  is  of  un- 
suitable character  so  that  the  drainings  from  the  graves  will  be 
liable  to  escape  adequate  filtration."  (L.G.B.  Memorandum 
1908.) 

Both  urban  and  rural  authorities  are  enabled  by 
the  P.H.  (Interments)  Act  of  1879  to  provide  ceme- 
teries for  their  districts,  and  must  do  so  if  required 
by  the  L.G.B.  The  cemetery  need  not  be  within 
the  district  of  the  S.A,  It  is  incumbent  to  take 
action  in  this  matter — 

1.  Where,  in  any  burial-ground  that  remains  in 
use,  there  is  not  proper  space  for  burial,  and  no  other 
suitable  burial-ground  has  been  provided. 

2.  Whei'e  the  continuance  in  use  of  any  burial- 
ground  (notwithstanding  there  may  be  such  space)  is, 
by  reason  of  its  situation  in  relation  to  the  water 
supply  of  the  locality,  or  by  reason  of  any  cir- 
cumstances whatsoever,  injurious  to  the  public 
health. 

3.  Where,  for  the  protection  of  the  public  health, 
it  is  expedient  to  discontinue  burials  in  a  particular 
town,  village,  or  place,  or  within  certain  limits. 

4.  Where,  from  unsuitability  of  the  site  or  of  the 
subsoil,  or  fi-om  inconvenience  of  access  from  populous 


330  DISPOSAL  OF  THE  DEAD  [chap. 


parts  of  tlie  district,  it  is  necessary  to  provide  addi- 
tional burial-ground  accommodation. 

If  it  is  desirable,  on  the  above  or  other  grounds, 
to  close  any  existing  burial-place,  a  representation 
must  be  made  to  the  Home  Secretary  for  the  purpose 
of  obtaining  an  Order  in  Council  to  that  effect,  under 
the  provisions  of  the  Burial  Act,  1853-1906. 

"  The  period  for  which  cemetery  provision  on  the  above 
scale  virill  remain  available  will  be  still  fnrther  lengthened  if 
the  soil  be  of  a  sort  to  promote  speedy  decay  of  the  coffins  and 
bodies.  The  length  of  time  necessary  to  effect  complete  decom- 
position varies  (the  material  of  coffins  being  similar)*  according 
to  the  nature  of  the  soil,  being  shorter  in  a  porous,  well-aerated 
soil  than  in  one  which  is  either  dense  and  clayey,  waterlogged, 
or  surcharged  with  animal  matter.  The  bodies  of  children  decay 
more  rapidly  than  those  of  adults,  under  like  circumstances. 
In  an  open  soil,  if  an  adult  body  be  buried  in  an  ordinary  wooden 
coffin,  at  the  end,  say,  of  fourteen  years  the  coffin  and  the 
softer  parts  of  the  corpse  may  be  found  completely  decayed, 
only  the  larger  bones  remaining,  and  the  coffin  collapsed,  so  as 
to  occupy  a  vertical  apace  only  a  few  inches  in  thickness  ;  the 
grave  might  then,  so  far  as  sanitary  considerations  are  con- 
cerned, be  reopened  nearly  to  its  original  depth,  without  dis- 
turbing the  remains  of  the  body  previously  interred.  Thus,  it 
the  grave  be  made  originally,  say,  8  feet  deep,  a  number  oi 
burials  may  be  made  in  it  before  it  becomes  so  full  ol  bones 
as  to  be  unfit  for  further  use.  In  a  dense  clay  soil,  on  the 
other  hand,  such  coffins  are  found  intact  after  having  been 
buried  thirty  years  or  more,  so  that  in  a  grave  8  feet  deep 
in  such  a  soil"  there  would  not  be  room  for  more  than  three 
adult  interments,  if  the  rules  to  leave  at  least  6  inches  ot 
earth  between  any  two  coffins  in  the  same  grave  and  not  to 
bury  within  3  feet  of  the  surface  were  observed. 

*  In  ordinary  circumstances,  burial  in  the  eartli  in  coffins  of  a  perisli 
able  nature  "  to  be  preferred,  oA  sanitary  as  well  as  o"  ecouo.n.e  pounds 
to  the  use  of -raves  and  coffins  of  durable  and  nnpervious  materials  In 
the  former  cafe  if  the  earth  is  of  suitable  nature,  the  resolution  ol  the 
constit  ents  of  ^ l  e  bo,W  into  innocuous  inorganic  substances  procee^ds 
ra°;iXan^n;in\errnptedly.    In  the  latter  -l-^.  t';f,;'-~,rS  be 
of  a  nartial  and  arrested  decomposition  are  sealed  up-it  m.i) 

of  burial  to  a  niiinmum. 
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"  Under  the  most  favourable  circumstances,  if  the  popula- 
tion be  stationary,  and  the  soil  of  the  burial-ground  be  of  an 
open  texture  and  of  such  a  nature  as  to  permit  burials  to  the 
depth  of  8  feet,  it  may  be  estimated  that  at  least  a  quarter  of 
an  acre  of  ground  should  be  provided  for  each  thousand  in- 
habitants to  serve  for  a  period  of  thirty  years.  More  space 
will,  of  course,  be  needed  if  the  population  is  an  increasing 
one,  or  if  the  number  of  burials  is  increased  by  special  circum- 
stances, such  as  deaths  in  institutions,  or  bodies  cast  up  from 
the  sea.  In  wealthy  districts  in  which  many  famil}-  graves 
are  likely  to  be  purchased,  the  burial-ground  will  not — other 
things  being  equal — be  available  so  long  as  in  a  poor  district 
in  which  most  of  the  burials  are  in  common  graves  ;  much  of 
the  ground  in  the  first  case  being  appropriated  thougrh  not 
filled.  In  a  poor  district,  on  the  other  hand,  the  death-rate 
is  likely  to  be  the  higher.  Bodies  buried  in  walled  graves 
occupy  the  ground  permanently,  and  do  not  by  their  decay 
make  room  for  others."    (L.G!B.  Memorandum.,  1908.) 

In  excavations  for  new  buildings  in  cities  not  in- 
frequently skeletons  and  coffins  are  met  with,  wdiich 
it  is  necessary  to  remove.  For  removal  from  one 
consecrated  ground  to  another  a  faculty  from  the 
bishop  of  the  diocese  may  suffice,  but  otherwise 
application  must  be  made  to  the  Home  Secretary, 
from  whom  "  a  licence  for  the  removal  of  human 
remains,"  under  the  Burial  Act,  1857  (s.  2-5),  may  be 
obtained.  The  remains  are  then  suitably  re-coffined 
in  boxes  and  re-interred  in  a  burial-ground  where 
burials  may  legally  take  place. 

Interments  underneath  or  within  the  walls  of  any 
church  built  after  1848  are  forbidden  by  the  P.H. 
Act  of  1848  (s.  83  ;  re-enacted  by  the  P.H.  Act,  1875). 
No  buildings  must  be  erected  upon  any  disused 
burial-ground,  except  for  the  purpose  of  enlarging  a 
place  of  worship  (.Disused  Burial  Grounds  Act,  1884). 

CreiiiiUioii. — In  a  crematorium  of  modern  con- 
struction a  body  of  average  weight  is  reduced  to 
about  3  lb,  of  inorganic  ash  within  two  hours.  The 
usual  fuel  is  coal  and  coke,  but  Fradet  recommends 
gas.  Tu  either  case,  a  ventilating  shaft  witli  pilot  tiro  at 
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its  base  is  necessary.  The  chief  objections  to  cremation 
are  that  the  soil  is  deprived  of  the  organic  matter  that 
would  otherwise  be  returned  to  it,  that  it  involves  an 
unnecessary  waste  of  the  world's  limited  stock  of  com- 
bined nitrogen,  and  that  the  impossibility  of  exhuma- 
tion would  increase  the  facilities  for  concealing 
homicide.  The  first  objection  has  no  great  weight  at 
present,  since  little  attempt  is  made  to  utilize  burial- 
grounds  by  cultivation.  The  last  is,  however,  more 
serious,  and  cannot  be  regarded  as  satisfactorily  met 
by  the  proposition  of  minute  and  detailed  autopsy  ni 
every  case.  Half  a  million  examinations  annually, 
each  sufficiently  detailed  to  cover  every  known  poison 
and  every  possible  wound,  would  be  impracticable, 
especially  as  the  result  must,  in  the  vast  majority  of 
cases,  be  negative.  The  discovery  of  organic  disease 
would  not  by  any  means  necessarily  exclude  the  pos- 
sibility of  foul  play.  Some  few  poisons,  such  as 
copper,  might  be  detected  in  the  ashes,  but  organic 
and  volatile  mineral  poisons  would  be  dissipated  by 
cremation.  It  is  true  that  under  present  conditions 
occasion  for  exhumation  rarely  arises,  but  the  possi- 
bility of  it  may  to  some  extent  act  as  a  check  upon 
crime.  The  Cremation  Act,  1902,  empowers  Burial 
Authorities  (Burial  Boards  or  other  local  authorities 
maintaining  cemeteries)  to  provide  and  maintain 
crematoria.  The  plans  and  site  must  be  approved  by 
the  L.G.B.,  and  the  completion  must  be  notified 
to  the  Home  Secretary  before  any  cremation  take^ 
place.  No  crematorium  may  be  built  withm 
yards  of  anv  public  highway,  within  200  yards  ot  a 
dwelling-house  (except  by  consent  of  owner),  or 
within  the  consecrated  part  of  a  burial-ground. 

Home  0(Rce  Regulations  of  1903  i'"P''f^^^^^*\°5?,^^/^^^ 
maintenance,  inspection  (by  Home  Ofiice  f  Vs 
of  ashes  and  the  further  points  stated  below 
not  allowed  if  the  deceased  has  left  written  d.rect.or.s  to  the 
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contrary,  or  if  the  body  has  not  been  identified.  There  must 
be  [a)  medical  certificates  as  to  the  cause  of  death  from  two 
registered  practitioners  (one  being  the  medical  attendant  and 
the  other  a  practitioner  of  at  least  five  years'  standing  who 

(1)  is  specially  appointed  by  the  Authority  for  the  purpose,  or 

(2)  is  M.O.H.,  Certifying  Surgeon  imder  the  Factory  Act, 
or  Medical  Referee  under  the  Workmen's  Compensation  Act, 
or  (3)  is  physician  or  surgeon  to  a  public  general  hospital  with 
at  least  60  beds),  or  {b)  a  certificate  given  after  post-mortem 
examination  by  a  skilled  pathologist,  or  (c)  a  certificate  given 
by  a  coroner  after  inquest.  In  certain  circumstances  {b)  and 
(c)  become  essential. 

A  Medical  Referee  must  be  appointed  by  the  Authority, 
and  a  deputy  to  act  for  him  in  his  absence  or  in  cases  Avhere  he 
is  the  medical  attendant.  His  certificate  that  all  the  condi- 
tions have  been  fulfilled  is  necessary  before  any  cremation  can 
take  place,  but  certain  relaxation  can  be  allowed  by  him  in 
exceptional  cases  (persons  dying  of  plague,  yellow  fever,  or 
cholera,  on  ship  or  in  an  isolation  hospital ;  still-born  children; 
bodies  exhumed  after  burial  for  more  than  a  year).  Other 
modifications  can  be  made  temporarily  by  Order  of  the  Home 
Secretary  on  application  of  the  S.A.,  during  an  epidemic  or 
for  other  sufiicient  reason.  The  number  of  cremations  in  the 
United  Kingdom  is  now  about  a  thousand  per  annum. 
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ANIMAL  PARASITES 

In  addition  to  the  pathogenic  bacteria,  belonging 
rather  to  the  vegetable  than  the  animal  kingdom,  the 
human  body  is  liable  to  invasion  by  a  number  of 
parasitic  animal  organisms,  among  which  the  following 
are  the  most  important. 

Protozoa  are  unicellular  animals,  little  more 
highly  developed  than  some  of  the  bacteria.  They 
are  lasually  divided  into  four  classes :  Rhizopods, 
Sporozoa,  Flagellates,  and  Infusoria.  The  last- 
named  group,  which  includes  jxirmncecium,  need  not 
be  further  considered.  It  is  only  recently  that  the 
relation  between  these  protozoa  and  human  disease 
has  been  demonstrated  with  any  clearness. 

The  Rhizopods  are  the  lowest  group,  and  com- 
prise the  amoebae  which  move  by  pseudopodia  and 
reproduce  themselves  by  simple  division.  Many  kinds 
of  amoeba  occur  in  the  human  intestine,  some  being 
genuine  rhizopods  in  vegetative  stage,  others  being 
amoeboid  stages  of  higher  forms.  Two  of  the 
forms  (Gyrimamatbce)  are  human  j)arasites,  namely, 
the  Amoeba  coli  (or,  as  it  is  termed  by  Schaudinn, 
Entamceba)  and  the  Amoeba  dysenteria'.  {Entama'ba 
histolytica).  The  former  appears  in  the  excreta  of  20 
-50  per  cent,  of  healthy  persons,  though  it  is  not 
easy  of  detection.  The  latter  (Fig.  41)  is  possibly 
the  cause,  wholly  or  partly,  of  dysentery,  as  commonly 
occurring  in  the  tropics. 

The  Sporozoa  are  so  called  because  at  one  stage 
of  their  life-history  the  individual  breaks  up  into  a 
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numbei'  of  minute  reproductive  bodies  resembling  the 
spores  of  fungi,  often  encysted.  This  group  includes 
the  Gregarines  which  inhabit  the  digestive  tract  of 
crustaceans,  the  Coccidia  which  are  intestinal  parasites 
in  birds  and  in  animals,  and  the  Hcemoprotozoa,  or 
parasites  of  blood  corpuscles,  classified  by  Sambon 


Fig.  41.— o,  Amoeba  dysenterije,  fixed  and  stained  (Couumlman)  ;  h,  A 
dysenterite  in  stools  {after  Losch,  Virchvw's  Archiv.,  Bd.  Ixv.). 

into  four  groups.  The  life-history  comprises  alterna- 
tion of  generations  and  change  of  host.  Once  the 
sexually-produced  reproductive  body  or  spore  finds  its 
way  into  a  suitable  host  it  attains  its  full  size  and 
then  splits  up  into  individuals  which  carry  on  the 
cycle. 

Coccidium  oviforme  produces  coccidiosis  or  psorospermosis  in 
rabbits  and  other  animals.  Pyrosoma  biffe/ninum,  the  cause  of 
lexas  fever  in  cattle,  which  is  transmitted  by  a  tick,  is  a  closely 
allied  organism. 
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The  Flagellates  include  the  Trypanosoma,  and 
the  Trypanoplasvia.  The  latter  occur  in  fishes  only, 
The  former  cause  various  diseases  of  mammals,  birds, 
reptiles,  fishes,  etc.  They  have  now  been  shown 
to  be  the  cause  of  certain  diseases  of  man,  such  as 
sleeping  sickness  (Fig.  42),  and  some  are  conveyed  by 
a  fly,  Glossina  palpalis  (p.  503).   A  trypanosome  has  a 


Fifi    42  -Various  forms  of  Trypanosoma  gambiense  (the  Parasite  of 
^'    sleeping  sickness)  from  the  blood  and  cerebro-spmal  fluid. 

long  spermatozoon-like  body  fringed  on  one  side  with 
an  Sndulating  membrane  prolonged  at  the  anterior  end 
into  a  flagellum.  The  body  possesses  a  large  nu- 
cleus and  ^  chromatine  blepharoplast  The  organism 
passes  through  various  stages  in  its  l^^^-^f 
Lnnexion  has  recently  been  established  between  the 
malaria  parasite  and  the  trypanosome.  The  majo  ity 
of  trypanosomes  and  other  ha^moprotozoa  have  a  lite- 
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cycle  consisting  of  alternating  gut-parasitism  and 
blood-parasitisrn . 

The  next  group  of  animal  parasites  infesting  man 
are  the  Insecta  and  the  Arachnida.  Among  the  former 
are  fleas,  bugs,  lice,  the  Pulicidce,  and  the  larvse  of 
certain  flies ;  among  the  latter  are  the  mites,  ticks, 
and  Fentastoinata.  More  important  are  the  parasitic 
worms,  which  may  be  divided  broadly  into  two  groups 
as  follows  : — 

1.  The  flat  worms  (Platyhelminthes),  which  are 
usually  subdivided  into  the  Cestoda  or  tapeworms 
and  tlie  Trematoda  or  flukes. 

2.  The  round  or  thread  worms  (Nemathelminthes) 
or  Nematoda.  This  group  includes  the  common  thread 
worm  {Oxyuris  vermicular  is),  t\iQ  common  round  worm 
{Ascaris  lumbricoides),  and  the  various  forms  of  filari^ 
and  aukylostoma. 

Taeiiiada. — It  has  been  said  that  as  many  as  a 
dozen  forms  of  tapeworm  occur  in  man.  This  species 
of  Cestoda  passes  through  two  distinct  phases,  in  two 
difi-erent  hosts.    In  one,  the  head,  or  scolex,  together 
with  a  cystic  expansion,  is  embedded  in  muscle  and 
other  solid  tissues;  in  the  other,  the   strohilus  or 
tapeworm  occupies  the  alimentary  canal   of  some 
other  animal.     If  the  flesh  containing  t^nia  cysts 
[cysticerct)  is  eaten  by  another  animal,  the  scolex 
reaches  the  alimentary  canal  of  the  new  host,  loses 
Its  cyst,  and  attaches  itself  to  the  wall  of  the  intes- 
tine.    It  then  develops  from  the   caudal  end  joint 
atter  joint   of  proc/lottides,  square  or    obloncr  flat 
segments,  each  of  which  is  provided  with  double 
sexual  organs.    Tlie  chain  of  proglottides  may  attain 
a  length   of  many  feet.     Ova  are  produced  in  the 
segments,  and  escape  with  the  excreta  of  the  host  if 
the  segments  rupture  or  become  detached,  or  if  the 
Whole  ot  the  tapeworm  is  expelled.     Some  of  the  ova 
are  swallowed  by  a  herbivorous  host,  and  the  embi-yo 
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then  bursts  its  shell,  niake^  its  way  from  the  intes- 
tine to  the  solid  tissues  of  the  host,  and  after  develop- 
ing anew  into  a  cysfAcercus,  remains  passive  until  it  is 
devoured  by  a  carnivorous  animal,  or  perishes. 

Man  is  subject  to  tapeworms,  and  more  rarely  to 
their  cysticerci.    Tmiia  solittm,  one  of  the  commonest 
of  human  tapeworms,  attains  a  length  of  seven  to  ten 
feet  or  more,  consisting  sometimes  of  700  to  800 
proglottides.    The  head  is  about  the  size  of  the  head 
of  a  pin,  and  bears  four  suctorial  discs,  and  a  double 
circle  of  booklets  surrounding  a  prominence  or  ros- 
tellum.    It  attains  its  full  development  in  three  or 
four  months,  but  may  remain  in  the  intestine  for  years. 
The  ovum  is  spherical,  ^  inch  in  diameter,  and 
has  a  thick  brown  shell ;  the  embryo  has  six  hooks. 
The  cysticercus  or  bladder  worm  of  the  Tcenia  solixcyi 
is  termed  Cysticercus  cellulosce.      It  affects  the  pig, 
and  more  rarely  man ;  in  the  latter  it  lodges  in  the 
muscles,  connective  tissues,  brain,  eye,  and  serous 
membranes,    and   attains  its    full   development  in 
about  two  and  a  half  months.    The  cyst  reaches  the 
size  of  a  pea,  or  even  a  marble  ;  the  head  or  scolex 
has  a  double  crown  of  booklets.    In  pigs  it  constitutes 
the  affection  known  as  "  measles,"  and  the  consump- 
tion of  uncooked  "  measly  pork  "  is  the  chief  source 
of  Tcenia  solium  in  man.  , 

T(enia  mediocanellata  is  more  common  than  Tmnia 
solium,  and  somewhat  resembles  it,  but  its  length 
is  <n-eater  (20  feet).  The  head  is  about  ^  inch  m 
diameter,  and  has  four  suckers,  but  no  rostellum  or 
booklets.  The  eggs  are  oval,  the  short  diameter  being 
about  -i-  inch .  The  Cysticercus  tmiim  m,ediocaneUat(f, 
or  Cysicercus  bovis,  is  an  oval  vesicle  smaller  than 
the  Cysticercus  cellulosa:  It  consists  of  a  cyst,  and 
a  scolex  identical  with  the  head  of  the  tonia  itself 
It  occurs  in  the  flesh  of  cattle  and  produces  beet 
measles." 
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Bolhrioc&phahis  latus. — This  taenia  attains  a 
length  of  24  feet  or  more.  The  head  is  ovoid,  -i.  inch 
long,  and  has  two  longitudinal  grooves  or  suckers,  but 
no  hooklets.  The  body  is  ribbon-like  and  may  have 
as  many  as  3,000  segments.  The  eggs  are  oval,  about 
inch  shorter  diameter,  and  open  by  a  lid  at  one  end. 
The  cysticercus  is  found  in  pike,  turbot,  perch,  and 
other  fish.  It  may,  perhaps,  gain  access  to  the  ali- 
mentary canal  of  the  fish  by  means  of  water,  as  the 
embryo  is  ciliated,  and  is  found  in  river  water.  The 
taenia  is  met  with  principally  in  the  Baltic  countries 
(Russia,  Poland,  Sweden)  and  in  Switzerland. 

Tmma  echinococcus  aflfects  the  dog  and  wolf  only. 
The  head  resembles  that  of  Tcenia  solium  in  presenting  a 
rostellum  surrounded  with  a  double  row  of  hooklets  and 
four  suckers,  but  it  is  only  -^-i    inch  in  width.  There 
are  four  segments  only,  and  the  whole  adult  tapeworm  is 
about  2  inches  long.    The  eggs  are  spherical  and  con- 
tamed  only  in  the  terminal  or  reproductive  segment. 
Its  cysticercus  is  a  dangerous  human  parasite  affecting 
the  hver  and  various  other  parts  of  the  body  under 
the  name  of  hydatid,  which  occurs  more  frequently 
in  Iceland  and  Australia  than   in   Great  Britain. 
Unhke  other  cysticerci,  it  increases  indefinitely  in 
size  becoming  sometimes  a  large  cyst ;  it  also  forms 
withm  Itself  secondary  cysts,  some  of  which  ("brood- 
capsules  ")  contain  one  or  more  scolices  (echinococci) 
and   remain  minute,    while    others,   containing  no 
scolex,  enlarge  and    form  "dauditer  cysts,"  which 
may  m  turn  produce  new  cysts  by  gemmation.  After 
death  the  scolex  or  echinococcus  resembles  the  head 
ot  the  tienia,  Inxt  during  life  it  is  retracted  into  a 
fiopression,  and  thereby  turned  inside  out.  Hydatids 
may  continue  to  grow  for  an  indefinite  numbei-  of 

aSed  dogr"*  ^■^'"'''''^  "'""'^  """"^  animals  by 

"^cenia  nana  is  occasionally  met  with  in  England. 
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It  is  the  smallest  of  the  tapeworms  inhabiting  man, 
and,  with  half  a  dozen  other  types,  is  found 
commonly  in  tropical  or  subtropical  countries. 

Trematoda  or  flukes  furnish  two  human  para- 
sites, the  Bilharzia  hcematobia,  now  termed  Schisto- 

sonium  hcematobiutn  (Fig. 
4  3),  and  the  Distoinum  he- 
paticum. 

Bilharzia  hcematobia  is 
believed  to  be  the  cause  of 
a  form  of  intermittent  lia3- 
maturia  endemic  in  Egypt, 
South  Africa,  and  elsewhere. 
The  parasite  is  about  |  inch 
long,  and  infests  the  veins 
of  the  large  intestine,  blad- 
der, ureter,  and  pelvis  of  the 
kidney.     It   causes  small 
patches     of  inflammation 
along  these  tracts,  and  the 
urine    frequently  contains 
blood  and  the  ova  of  Bil- 
harzia.   The  ureter  may  be 
obstructed.  Dysenteric 
symptoms  occasionally  occur 
owing  to  the  presence  of  the 
parasite  in  the  veins  of  the 
intestine.     The    ova  are 
and  have  a  sharp  terminal 
spine,  nu.    4--   -  longitudinal  axis.  The 

parasite  probably  gains  access  to  the  human  body 
trough  Ltev,  either  by  drinking  or  by  dn;ect 
infection  of  the  urinary  and  alimentary  tract  dunng 
bathing.  The  larva  becomes  encysted  m  the  body  of 
aquati?  crustaceans.    Other  varieties  of  .Schistosomes 

'''''' The  commolx  liver-fluke  or  Distomum  hepaticum, 


Fig.  43.— Schistosomum  hienia- 
tobium,  male  and  female. 

{Partly  after  Loos.) 

about  inch  long, 

spine,  not    quite  in 
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which  produces  "  liver-rot  "  in  sheep,  is  shaped  like 
a  diminutive  sole  and  is  about  an  inch  in  length.  It 
may  infect  persons  consuming  affected  livers,  and 
may  be  found  in  the  tissues,  and  particularly  in  the 
portal  system. 

rVematoda. — The  common  round  worm,  or 
Ascaris  lumbricoides,  affects  man  and  other  animals. 
Its  habitat  in  man  is  chiefly  the  small  intestine. 
It  is  pinkish  in  colour,  and  tapers  to  each  end.  The 
male  is  about  6  inches  long,  the  female  12.  The  eggs, 
enormous  numbers  of  which  are  discharged,  are  oval 
and  nodulated,  and  measure  about  inch  in  least 
diameter.  It  is  believed  that  the  ova  develop  only 
in  an  intermediary  host.  The  threadworm,  Oxyuris 
vermictdaris,  is  smaller,  the  female  measuring  about 
half  an  inch  in  length,  and  the  male  about  a  quar- 
ter of  an  inch.  They  occur  in  enormous  numbers, 
chiefly  in  the  rectum.  The  ova  are  unsymmetrical 
but  oval,  their  short  diameter  being  -^-^  and  long 
diameter  inch.  The  origin  of  threadworms  is  un"^ 
certani,  but  it  is  probable  that  they  are  occasionally 
dissennnated  by  means  of  drinking-water. 

The  adult  Ankylostoma,  about  half  an  inch  long, 
inhabits  the  upper  part  of  the  jejunum  in  man,  A 
(luodenale  (Fig.  44)  being  found  in  Europe  and  the 
tropics,  and  A.  americanum  in  the  United  States  and 
elsewhere.*  It  possesses  no  intermediate  host,  and 
there  is  no  sexual  generation  outside  the  host.  The 
infection  of  each  host  (man,  sheep,  etc.)  is  specific  for 
each  parasite.  The  adult  alone  is  infective,  the  e^as 
and  young  larvae  being  non-infective.  The  fresh  o?a 
are  characterized  by  a  thin,  clear,  colourless  shell  of 
oval  torm,  encasing  greyish  contents  divided  by  sea- 
mentation  and  eventually,  on  passing  out  of  the 
intestine,  become  a  morula  before  the  emergence  of 
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Fig.  44 
femal 


.— Ankylostomum  duodenole, 
le  and  mnle.    (•'/''''■  '■"""■I 


an  active  vermiform 
embryo  (in  18  hours). 
From  the   fresh  egg 
the  encapsuled  larva 
appears  in  2  or  5  days 
or  longer.    The  second 
period  of  growth  with- 
in the  host  from  the 
encapsuled  larva  to  the 
adult  occupies  about 
.5  to  7  weeks.  The 
encapsuled    larva  is 
capable  of  saprophytic 
existence    for  many 
months  under  favour- 
able conditions.  The 
egffs    are    killed  in 
about  24  hours  at  40 
0.  or  at  zero,  and  be- 
low 13°  C.  they  will 
not  hatch.  Moisture 
and  free  oxygen  are 
necessary  for  develop- 
ment of  ova  after  ex- 
pulsion from  the  body. 

Ankylostoma  ob- 
tains access  to  man's 
intestine  by  the  mouth 
or  through  the  un- 
broken skin  through 
the  hair  follicles  as 
encapsuled  larva 
(Loos).  The  latter  is 
probably  the  most 
imi)oi'taut  path  of  in- 
fection and  explains, 
in    part,    the  skin 
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irritability  and  eruption    which    precede  invasion. 
From  the  skin  it  is  carried  by  the  blood  stream  to  the 
lungs,  up  the  trachea  and  down  the  oesophagus  to  the 
alimentary  tract,  in  which  the  parasite  attaches  itself 
to  the  villi  o£  the  jejunum,  abstracting  blood  and 
producing  hfemorrhages.    Ankylostoma  can  only  ob- 
tain effective  entrance  to  the  human  body  in  the 
stage  of  full-grown  larvae.    Eggs  are  not  infective. 
The  duration  of  infectivity  in  man  varies  between 
7  weeks  and  6  years.    The  typical  results  of  infec- 
tion are  erythema  and  urticaria  of  the  skin,  bronchial 
catarrh,  and  pain  in  the  epigastrium,  followed  by 
ansemia,  and  sometimes  associated   with  dyspeptic 
conditions.     The  anaemia  is  mainly  due  not  to  re- 
duction of  haemoglobin  but  to  increase  of  plasma. 
It  is  determined  by  individual  susceptibility,  and 
dose   and   frequency  of   infection.    Many  persons 
harbouring  the  worm  suffer  from  no  symptoms  of 
disease  at  all.    Dobson  found  eggs  in  the  excreta  of 
75  per  cent,  of  the  natives  of  Assam  ;  and  Boycott 
found  them  in  95  per  cent,  of  workers  in  certain 
Cornish  mines,  although  not  more  than  5  per  cent,  of 
the  men  were  actually  ill.    The  healthy  worm-carrier 
IS  probably  one  of  the  chief  factors  in  dissemination, 
and  may  continue  to  discharge  ova  for  years.  The 
disease  has  long  been  known  under  such  names  as 
"Egyptian  chlorosis,"  tropical   anaemia,  or  ininers' 
anaemia,  but  only  recently  fully  described  by  Haldane 
as  "  Dolcoath  anaemia."    It  was  no  doubt  the  cause 
of  mmers'  anaemia  in  the  St.  Gothard  Tunnel  in  1880. 
It  is  now  termed  ankylostomiasis,  and  is  recognized 
as  an  endemic  disease  of  warm  climates,  readily 
introduced  into  temperate  climates  by  dissemination 
ot  the  worm  and  very  widely  distributed.    The  effect 
ot  temperature  operates,  however,  in  cold  climates 
J^or  mstance,  Tenholt  has  shown  that  in  Westphalian 
mmes  where  the  temperature  is  below  17°  C.  the  cases 
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of  ankylostomiasis  (anremia)  per  1,000  men  employed 
undei'ground  was  only  0  6,  whereas  where  the  tempera- 
ture was  20-22°  C.  it  was  2-5,  when  it  was  22-25'  C. 
11-7,  and  when  above  25°  C.  it  was  39-9  per  1,000. 
Treatment  consists  in  purgation  (calomel),  followed 
by  three  successive  doses  of  30  grains  of  thymol. 
In  Westphalia  ethereal  exti^act  of  male  fern  is  used. 
Preventive  measures  are  based  upon  personal  pre- 
cautions against  ingestion  or  skin  infection,  and 
against  the  fsecal  contamination  of  the  soil  and  water. 
The  sepai-ation  of  the  diseased  from  healthy  persons 
is  necessaiy. 

'Trichina  spiralis  attacks  rodents,  pigs,  and  many 
other  animals  besides  man,  causing  the  disease  known 
as  trichinosis.  It  is  found  in  the  tissues,  and  espe- 
cially in  the  muscles,  in  the  form  of  ovoid  cysts  about 
^  inch  in  length,  just  visible  to  the  naked  eye. 
Within  each  cyst  is  coiled  an  immature  trichina,  about 
-gig  inch  long.  The  encapsuled  trichinte  may  retain 
their  vitality  for  many  years,  or  may  perish  and 
become  calcified.  If  the  tissues  in  which  they  lodge 
are  eaten,  the  capsule  is  dissolved  by  the  gastric  juice, 
and  the  liberated  trichina;  rapidly  develop,  the  male 
attaining  in  one  or  two  days  a  length  of  Jg  inch,  the 
female  ^  inch.  Ova  are  formed  and  impregnated,  and 
are  hatched  within  the  uterus  in  about  a  week.  The 
embryos  escape,  burrow  into  the  walls  of  the  intestine 
and  find  their  way  into  the  tissues  of  all  parts  of  the 
body,  where  they  become  encapsuled  and  form  the 
cysts'  already  described,  within  a  month  from  the  inges- 
tion of  the  trichinous  food. 

Trichinosis  in  man  is  generally  due  to  the  con- 
sumption of  the  imperfectly  cooked  flesh  of  a  pig 
sufi"ering  from  the  disease.  In  countries  where 
ham,  pork,  and  sausage  are  eaten  raw,  trichinosis 
is  far  more  common  than  in  England.  The 
symptoms  commence  within  a  week,  with  nausea 
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abdominal  pain,  irregularity  of  the  bowels,  prostra- 
tion, rapid  pulse,  and  elevation  of  temperature. 
The  malady  usually  increases  in  severity  for  one 
or  two  weeks,  and  then  gradually  subsides,  but  fatal 
enteritis,  peritonitis,  or  pneumonia  may  supervene, 
or  the  patient  may  die  of  exhaustion  at  any  time 
fi'om  the  end  of  the  first  to  the  end  of  the  sixth 
week.  Characteristic  symptoms  attend  the  invasion 
of  the  tissues  by  the  parasites.  The  muscles  become 
painful,  tender,  swollen,  and  stiff,  so  that  the  limbs  are 
flexed  and  motionless.  The  voice  is  often  hoarse  or 
aphonic,  from  implication  of  tlie  larynx.  The  pain  in 
the  limbs  differs  from  that  of  rheumatism  in  not  affect- 
ing the  joints,  but  only  the  muscles.  CEdema  occurs 
early,  first  in  the  eyelids  and  face,  next  in  the  hands 
and  feet,  and  may  become  general  and  involve  the 
serous  cavities.  The  other  symptoms  include  increas- 
ing prostration  and  copious  perspiration. 

Various  forms  of  Filaria  may  infest  man,  par- 
ticularly in  the  tropics,  setting  up  filariasis, '  abscess, 
lymphangitis,  chyluria,  elephantiasis,  etc.  F.  bcmcro/li, 
rarely  seen  in  the  adult  form,  is  a  hair-like  parasite 
and  may  attain  a  length  of  3  or  4  inches.  An 
immature  form,  met  with  in  cases  of  chyluria,  is  about 
tV  inch  long.  The  ova  are  about  ^J^^  inch  long, 
distinct  shell,  their  shape  is  somewhat 
irregular.  The  parasite  is  found  chiefly  in  the  East 
and  West  Indies,  but  occasionally  in  England,  even 
among  persons  who  have  never  left  the  country.  The 
mosquito  is  its  intermediary  host.  It  abounds  in 
the  blood  of  affected  persons  during  the  night  {Filaria 
nocturna),  but  disappears  from  the  circulation  by 
day  ;  by  changing  the  habits  of  the  patient  this  "filarial 
periodicity"  can  be  reversed.  Its  presence  is  com- 
monly associated  with  one  of  two  diseases— chyluria 
and  elephantiasis— due  to  the  obstruction  of  the 
lymphatics,   etc.,  by  the  parasite.     The  former  is 
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characterized  by  periodic  attacks,  in  which  the  urine 
becomes  milky  and  upon  standing  coagulates,  but  the 

coagulum  soon  breaks 
down  and  decomposi- 
tion sets  in  rapidly. 
These  phenomena  have 
been  traced  to  admix- 
ture of  lymph  with 
urine,  and  immature 
filar  ioi  are  visible  under 
the  microscope.  Ele- 
phantiasis is  attended 
with  enormous  enlarge- 
ment of  the  trunk  or 
limbs,  and  especially 
the  legs  and  generative 
organs  (E.  arabum), 

Filaria  medinensis 
vel  dracunculus,  or 
guinea  worm,  is  about 
inch  in  diameter, 
and  usually  one  to 
thi-ee  feet  long.  It  is 
endemic  in  certain 
tropical  regions.  The 
embryos  affect  minute 
aquatic  Crustacea  (Cy- 
clops), in  which  they 
undergo  larval  develop  - 
ment.  Later  they  gain 
access  to  the  human 
tissues  (by  drinking- 
water     or  infection 


Fig.  45.— Filaria  nocturna. 


through  the  skin).  They  burrow  in  the  tissues, 
especially    of    the   legs,    causing   large   boils  and 
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CHAPTER  XII 


INFECTION  AND  IMMUNITY 

Certain  diseases,  the  number  of  wliicli  is  steadily 
increasing  owing  to  improved  methods  of  observation, 
are  termed  specific  or  infective,  and  are  regarded  as 
due  to  the  invasion  of  the  system  from  without  by 
a  definite  germ,  "  ferment "  or  poison,  wliicli  grows 
and  multiplies  in  the  body.  In  some  of  these  diseases 
the  agent  of  infection  is  given  off  again,  and  such 
diseases  are  therefore  infectious,  or  transmissible  from 
person  to  person. 

Modes  of  infection. — It  cannot  be  said  that 
the  possible  means  by  which  infection  is  given  off 
have  been  exhaustively  determined  in  regard  to  any 
disease,  but  certain  well-established  modes  may  be 
mentioned,  namely  : — 

1.  By  the  breath,  in  small-pox,  measles,  whooping- 
cough,  pneumonia,  mumps,  typhus,  scarlet  fever,  and 
probably  the  great  majority  of  infectious  fevers.  Little 
is  known  of  the  distance  to  which  infection  can  be 
carried  through  the  air ;  long  ranges  seem  to  be  pos- 
sible in  small-pox,  and  may  be  suspected  in  measles  and 
whooping-cough  ;  typhus  and  plague  only  infect  at 
short  distances,  and  this  is  probably  true  of  scarlet 
fever.  The  distance  of  infection  is  short  in  ordinary 
breathing  but  relatively  long  in  shouting,  coughing, 
sneezing,  etc.  Recent  investigation  has  shown  that 
particles  of  "  cough-spray  "  may  be  carried  many  feet. 

2.  By  exhalations,  from  the  skin  in  typhus  and 
possibly  other  diseases,  from  wounds  in  pyiemia, 
erysipelas,  and  other  septic  diseases. 
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3.  By  desquamated  particles  of  epidermis  in 
scarlet  fever,  and  pustules  in  small-pox.  These  may 
be  carried  by  currents  of  air. 

4.  By  secretions  and  excretions.  Mucus  from  the 
mouth,  throat,  etc.,  is  infective  in  diphtheria  and 
scarlet  fever  ;  sputa  in  tubercular  phthisis ;  saliva  in 
rabies  in  dogs  if  not  in  man.  M  ilk  is  liable  to  carry 
infection  (Chapter  iv).  The  bowel  excreta  are  in- 
fective in  enteric  fever  and  cholera,  and  possibly  in 
diarrhoea.  The  urine  is  also  a  vehicle  of  infection 
in  some  acute  specific  fevers,  as,  for  instance,  in 
enteric  fever.  Syphilis  and  gonorrhoea  are  trans- 
mitted by  means  of  the  specific  discharges. 

6.  By  the  hite  of  certain  infected  insects,  such 
as  mosquitoes  (malaria)  and  fleas  (plague). 

As  regards  the  recipient  the  mode  of  infection  is 
also  varied.  Many  diseases  are  conveyed  through  the 
air,  and  the  virus  is  doubtless  inhaled,  lodging  either 
on  the  fauces  or  in  the  lungs.  Water  is  known  to  be 
able  to  convey  the  poison  of  enteric  fever  and  cholera, 
and  milk  that  of  scarlet  fever,  enteric  fever,  and 
diphtheria,  the  poison  in  such  cases  being  swallowed. 
It  is  probable  that  the  specific  organisms  multiply  in 
these  media.  Experiments  seem  to  show  that  the  acid 
gastric  juice  kills  microbes  that  are  not  in  the  spore 
stage,  but  since  tlie  reaction  is  not  acid  in  the  absence 
of  solid  food,  this  safeguard  is  incomplete,  especially 
as  regards  water-borne  virus.  Infective  particles 
carried  by  materials,  clothing,  etc.,  or  conveyed  by 
the  hand  to  the  mouth,  may  be  inhaled  or  swallowed. 
Mosquitoes  carry  the  malarial  poison  and  that  of 
yellow  fever,  and  flies  may  convey  the  infection,  of 
plague,  enteric  fever,  and  cholera,  to  a  raw  surface,  or 
to  milk  or  other  food.  An  attempt  is  sometimes  made 
to  distinguish  as  "  contagious  "  those  diseases  which 
are  not  usually  transmitted  without  direct  personal 
contact;  but  this  condition  is  not  absolute,  though 


J  DE  NOVO  THEOKY  349 


favourable  to  the  transmission  of  any  infectious  malady. 
Puerperal  fever  may  be  regarded  as  an  example  of  in- 
fection by  contact  or  inoculation.  A  few  diseases,  of 
which  rabies  and  vaccinia  are  typical  examples,  can 
only  be  conveyed  by  inoculation,  that  is,  by  lodgment 
of  the  virus  in  an  abrasion  of  the  skin  ;  this  is  the 
ordinary  mode  of  infection  by  anthrax  and  glanders, 
although  inhalation  is  also  possible.  Small-pox,  tuber- 
culosis, and  certain  other  diseases  are  also  inoculable. 
Inoculation  may  occasionally  take  place  through  un- 
broken skin.  This  has  been  shown  to  be  possible  as 
regards  virulent  cultures  of  the  glanders  bacillus  if 
rubbed  in.  Ankylostoraa  is  believed  to  gain  access 
through  the  hair-follicles  (p.  342). 

In  leprosy  the  mode  of  infection  is  still  unknown, 
although  the  microbe  has  been  isolated.  Even  less  has 
been  made  out  in  regard  to  rheumatic  fever,  the 
specific  natui^e  of  which,  though  probable,  still  remains 
open  to  doubt. 

De  novo  hypothesis.  —  Some  authorities 
believe  that  certain  specific  diseases  occasionally  arise 
de  novo,  independently  of  infection  from  any  previous 
case.  This  has  been  alleged  more  especially  as  regards 
relapsing  fever,  typhus,  enteric  fever,  diphtheria, 
erysipelas,  puerperal  fever,  hospital  gangrene,  and 
septicaemia.  The  closest  examination  often  fails  to 
reveal  any  exposure  to  infection,  and  occasionally, 
under  favourable  conditions,  these  diseases  spring  up 
in  localities  that  have  for  years  been  entirely  free 
from  them.  The  tendency  of  modern  research,  how- 
ever, is  to  find  an  adequate  explanation  in  infec- 
tion conveyed  by  "  carriers,"  by  food,  by  insects,  by  air- 
borne micro-organisms,  by  lower  animals  sufl:ering 
from  the  same;  disease,  possibly  with  widely  different 
manifestations,  or  by  aberrant  forms  or  unobserved 
attacks  in  man.  The  supposed  logical  necessity  for  a 
"  previous  case,"  that  is,  of  an  immediately  antecedent 
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human  case,  has  lost  some  of  its  significance  since  we 
have  learned  to  recognize  the  actual  living  aseiit  or 
germ,  to  detect  it  in  air,  water,  and  soil,  to  cultivate  it 
in  artificial  media  for  indefinite  periods,  to  transmit  it 
to  lower  animals,  and  to  increase  or  lessen  its  virulence 
at  will.  It  is  noteworthy  that  most  of  the  infective 
diseases  suspected  of  origin  de  novo  are  filth-diseases, 
and  due  to  microbes  that  can  be  cultivated  outside 
the  living  body.  Further,  it  has  been  found  that 
there  are  non-pathogenic  microbes  of  wide  distribution, 
which  in  every  point  except  virulence  closely  resemble 
the  specific  microbes  of  enteric  fever  and  diphtheria  ; 
and  non-pathogenic  bacilli,  morphologically  similar 
to  anthrax  bacilli,  have  been  found  to  be  protective 
against  anthrax.  Some  authorities  regard  these  harm- 
less microbes  as  being  probably  generically  identical 
with  the  virulent  microbes  that  they  resemble,  and 
therefore  capable  of  assuming  a  virulent  character  if 
cultivated  under  suitable  conditions,  a  view  that  re- 
introduces the  de  novo  hypothesis  in  a  neM^  form. 

Endemics,  epidemics,  pandemics.— Many 
of  the  specific  diseases,  and  especially  those  that 
have  relation  to  telluric  conditions,  attach  themselves 
more  or  less  permanently  to  certain  localities,  and 
are  termed  endemic  ;  thus,  cholera  has  been  endemic  in 
the  delta  of  the  Ganges,  leprosy  in  pai'ts  of  Norway, 
the  plague  in  India  and  elsewhere,  and  in  a  less 
marked  degree  diphtheria,  enteric,  and  scarlet  fever 
may  be  said  to  have  been  endemic  in  certain  districts  in 
England.  From  time  to  time  most  diseases  of  the 
specific  class  become  widely  prevalent  over  a  larger  or 
smaller  area,  and  are  said  to  be  epidemic.  Thus 
cholera  in  an  epidemic  form  occasionally  spreads  west- 
ward over  Europe,  disappearing  almost  entirely  in 
the  intervals.  Sm:ill-pox,  scarlet  fever,  measles,  and 
other  diseases,  which  are  always  present  in  England, 
assume  an  epidemic  form  every  few  years,  locally 
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or  in  widespread  outbreaks.  Occasionally  a  disease 
diffuses  itself  so  generally  over  a  great  part  of  the 
globe  as  to  constitute  a  pandemic. 

The  causes  of  such  outbursts  are  still  imperfectly 
known.  They  have  been  attributed  vaguely  to  "  epi- 
demic constitution  "  of  the  air,  to  "  pandemic  waves  " 
of  vmknown  nature,  and,  more  intelligibly,  to  climatic 
and  meteorological  conditions,  accumulation  of  sus- 
ceptible persons  or  animals,  facilities  for  convection  or 
transmission,  and  (as  regards  cholera  and  other  "filth- 
diseases")  imperfect  sanitation.  Scarlet  fever,  in  tem- 
l^erate  climates  where  it  has  established  itself  perma- 
nently, tends  to  become  epidemic  at  intervals  of  about 
five  years ;  measles  at  intervals  of  about  two  years. 
Whooping-cough  is  more  irregular  than  either,  but  on 
an  average  becomes  prevalent  every  second  year. 
Diphtheria  shows  no  very  marked  periodicity,  apart 
from  its  dependence  upon  season,  and  enteric  fever 
little  or  no  regular  periodicity. 

It  will  be  seen  subsequently  that  the  liability  to 
each  kind  of  infection  varies  in  man  according  to  aae 
and  sex,  as  well  as  locality,  climate,  season,  and  sur- 
roundings. Similar  variation  occurs  among  the  ditiferent 
races  of  men,  and  still  more  conspicuously  among  the 
different  genera  and  species  constituting  the  animal 
kingdom. 

The  more  important  specific  diseases  that  are 
common  to  man  and  certain  lower  animals  are  vaccinia, 
plague,  tuberculosis,  anthrax,  rabies,  tetanus,  glanders, 
actino-mycosis,  and  septicjemia.  Influenza  ought 
possibly  to  be  added  to  the  list.  There  is  some 
reason  to  believe  that  some  form  of  diphtheria  and 
scarlet  fever  )nay  affect  the  cow.  Variolous  diseases 
attack  sheep  and  other  animals,  l)ut  are  i)robably  not 
identical  with  small-pox. 

Incubative  period — A  latent  or  incubative 
period  intervenes  between  infection  and  the  appearance 
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of  the  first  symptoms  of  the  disease.  It  is  fairly- 
constant  for  each  disease ;  but  shorter  and  more 
uniform  when  infection  is  due  to  inoculation  or  in- 
gestion, and  in  rabies,  naturally  produced,  is  depen- 
dent further  upon  the  position  of  the  bite  of  the 
rabid  animal. 

Little  is  accurately  known  of  the  changes  that 
occur  during  incubation,  beyond  the  fact  that  the 
toxin  is  multiplying  in  some  part  of  the  system.* 
The  onset  of  symptoms  is  usually  gradual  in  enteric 
fever  and  a  few  others,  but  sudden  in  the  majority. 
The  temperature  invariably  rises,  and  the  character- 
istic phenomena  of  each  malady  follow  with  more  or 
less  intensity.  A  i-ash  makes  its  appearance  upon 
the  skin  in  certain  of  the  infectious  diseases,  hence 
termed  exanthemata  ;  the  date  of  its  appearance  is 
constant  for  each  disease  within  narrow  limits,  and 
its  distribution  and  other  characteristics  are  also 
more  or  less  uniform.  The  chief  exanthemata  affecting 
man  are  small-pox,  varicella,  scarlet  fever,  measles, 
rotheln,  entei-ic  fever,  and  typhus.  In  exceptional 
cases,  the  rash,  like  any  other  given  symptom,  may 
be  absent. 

Course  ol  disease. — As  a  rule,  the  specific 
diseases  have  a  short  and  definite  course,  ending  in 
death,  or  in  recovery  with  or  without  permanent 
changes  in  tissues  and  organs.  Some,  however,  like 
syphilis  and  leprosy,  run  a  life-long  course,  while 
malarial  diseases  tend  to  recur  at  regular  intervals, 
or  after  years  of  apparently  complete  recovery. 
Rabies  and  some  other  diseases  are  as  a  rule 
rapidly    fatal,    while    rotheln,  mumps,    and  vari- 

»  Concurrence  of  two  distinct  zymotic  diseases  is  occasionally  observed. 
Vaccinia  and  small-pox,  measles  and  whoopiiig-cougli,  measles  and  scarlet 
lever  measles  and  mumps,  whooping-cough  and  chicken-pox,  are  amoiiR 
the  least  raie  examples.  According  to  Squire,  discuses  witli  simdar  incu- 
bation (i.e.  botli  long  or  both  short)  may  run  their  course  independently 
without  interfering  with  eacdi  other,  but  if  two  diseases  with  dissimilar 
incubation  arc  acquired  at  the  same  time,  cue  or  the  other  is  delayed. 
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cella  ai^e  attended  with  such  slight  constitutional 
disturbance  that  death  is  very  rare.    The  tendency 
to  death  may  be  dependent  upon  constitutional  symp- 
toms such  as  hyperpyrexia,  on  local  lesions  as  in 
enteric  fever  and  diphtheria,  on  complications  in  the 
course  of  the  disease  (often  really  part  of  the  disease 
itself),  or,  lastly,  on  sequelae  affecting  important  organs. 
The  intensity  of  any  given  disease  is  subject  to 
wide  variations.    Thus,  small-pox  may  be  so  virulent 
as  to  kill  the  patient  before  any  rash  appears,  or  so 
mild  that  only  one  or  two  spots,  sometimes  none,  may 
appear.    Scarlet  fever  sometimes  is  malignant  and 
rapidly  fatal,  in  other  cases  so  slight  as  to  escape 
recognition.    As  a  rule,  the  type,  whether  severe  or 
the  reverse,  holds  good  for  the  majority  of  attacks  in 
a  given  outbreak,  or  at  all  events  in  the  same  period 
of  the  outbreak  ;  but  it  is  commonly  more  intense  in 
the  earlier  than  in  the  later  part  of  an  epidemic. 
As  regards  purely  seasonal  variations,  however,  there 
is  reason  to  believe  that  in  scarlet  fever,  and  probably 
in  other  diseases  also,  increased  prevalence  is  asso- 
ciated with  diminished  average  severity,  as  measured 
by  the  proportion  of  deaths  to  attacks.     Age  and 
sex  have  an  important  influence  upon  severity  of 
attack  as  well  as  upon  susceptibility,  varying  with 
different  diseases  ;  thus  scarlet  fever,  whooping-cough, 
and  many  other  diseases  become  less  and  less  dangerous 
to  life  from  infancy  upwards,  while  in  enteric  fever  the 
reverse  is  the  case.    Both  scarlet  fever  and  small-pox 
are  less  liable  to  terminate  fatallj  in  females  than  in 
males,  and  the  same  seems  to  be  true  also  of  influenza. 

The  g:erm  theory,  broadly  stated,  affirms  that 
certain  specific  diseases  are  invariably  associated  with 
the  growth  and  multiplication  in  the  system  of  corre- 
sponding specific  microbes,  and  that  these  microbes  are 
the  primary  causes  of  the  disease.  The  evidence  is 
partly  direct,  partly  indirect. 
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1.  In  regard  to  a  few  diseases  the  proof  is  complete, 
since — (a)  a  specific  microbe  is  invariably  discovered 
in  the  blood  or  tissues  of  animals  sutfering  from  the 
disease  in  question  ;  (b)  this  microbe  can  be  cultivated 
in  artificial  culture  media,  for  any  required  number 
of  successive  generations ;  (c)  the  same  disease  is  re- 
produced by  inoculation  of  a  susceptible  animal  with 
the  last  cultivation ;  and  (d)  in  every  such  inoculated 
animal  the  specific  microbe  is  found,  with  the  same 
distribution  as  in  animals  infected  in  the  ordinary 
way.* 

The  third  stage  (c)  being  as  a  rule  inadmissible  as 
regards  man,  the  complete  proof  is  practically  limited 
to  diseases  that  attack  some  lower  animal.  ^  Of  those 
affecting  man  (as  well  as  lower  animals),  anthrax 
and  tuberculosis  have  been  fully  proved  to  be  associ- 
ated with  specific  microbes,  and  similar  complete 
evidence  is  forthcoming  in  respect  of  many  diseases 
attacking  lower  animals  only. 

2.  A  characteristic  microbe  is  constantly  found  in 
the  blood  or  tissues  of  persons  suflfering  from  certain 
other  diseases — e.g.  relapsing  fevers,  enteric  fever, 
diphtheria,  leprosy,  pneumonia,  cholera,  etc. — although 
the  proof  of  causative  relation  is  incomplete.  In 
several  diseases,  however,  which  from  analogy  are 
nevertheless  believed  to  be  microbial,  no  specific  or 
characteristic  organism  has  been  isolated  with  cer- 
tainty. Measles  and  whooping-cough  may  serve  as 
examples. 

3.  There  is  a  close  analogy  between  the  natural 
Iiistory  of  infection  and  that  of  organized  living 
ferments  such  as  yeast,  in  respect  of  the  ahnost  infi- 
nite multiplication  of  an  infinitesimal  charge  planted 

*  To  these  fonr  postulates,  forimilated  by  Koch,  Martin  has  |id(led  a 
lifth,  namely,  that  the  secondary  infective  agent  (toxin)  separable  from 
the  tissues'  in  the  natural  disease  should  have  similar  chemical  and 
physiological  action  to  llie  products  obtained  from  a  pure  cultivation  or 
the  microbe. 
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ill  a  suitable  soil  under  suitable  conditions,  and  also 
in  respect  of  the  effect  of  reagents  in  checking  or  per- 
manently arresting  their  increase. 

The  germ  theory  is  now  generally  accepted,  even  in 
respect  of  those  specific  diseases,  such  as  rabies,  in 
which  no  characteristic  microbe  has  yet  been  isolated. 
Tlie  chief  alternative  view  which  has  been  advocated 
is  that  infection  is  due  to  an  unorganized  chemical 
ferment,  comparable  to  diastase,  the  microbes  being 
regarded  as  (at  most)  effects  or  collateral  phenomena, 
without  causative  influence  as  regards  disease. 

What  the  precise  relation  between  the  germs  and 
the  production  of  the  varied  phenomena  of  disease 
may  be  is  less  clear.  Under  certain  conditions  the 
enormous  multiplication  of  the  microbes  may  lead  to 
obstruction  of  vessels — a  "  mechanical  mycosis  " — but 
the  ordinary  course  of  symptoms  cannot  be  accounted 
for  by  any  mechanical  effects  of  such  minute  particles. 
They  act  mainly  by  modifying  the  physiological  pro- 
cesses of  the  tissues — e.g.  by  depriving  the  red  cor- 
puscles of  oxygen,  or  by  forming  some  chemical  pro- 
duct (or  toxin),  as  a  result  of  their  growth  and 
multiplication,  which  in  its  turn  diffuses  and  acts 
as  a  poison. 

Bacteria  and  <lisease. — The  terras  microbe, 
micro-organism,  bacterium,  germ,  are  applied  almost 
indifferently  to  an  increasing  number  of  these  micro- 
scopic organisms.  They  are  destitute  of  chlorophyll 
and  consist  of  protoplasm  enclosed  in  a  cellulose 
membrane.  They  multiply  by  fission,  and  are 
therefore  termed  ScUzomycetes,  or  fission  fungi. 
The  common  basis  of  primary  classification  is  founded 
upon  morphology  as  follows — 

Micrococci.— Miniito  spherical  microljes,  without  cilia, 
iney  mnlliply  by  elongating  and  then  dividing  transversely 
^ovmxn^  chplococci  (i.e.  pairs),  streptococci  (chains),  staphylococci 
^Clusters),  mrcuut  (square  groups  of  four  cocci,  or  multiples  of 


356 


INFECTION  AND  IMMUNITY  [chap. 


these),  or  zooglosa  (irregular  masses  embedded  in  a  gelatinom 
inatiix). 

Bacilli.  —  Rod-shaped,  with  rounded  or  square-cut  ends; 
longer  than  they  are  broad.  Some  have  flagella,  others  have 
nob  and  are  immotile.  They  elongate,  and  may  form  rods  of 
any  length,  or  divide  transvei'sely  into  separate  short  rods  or 
chains  of  rods  or  zoogloea  Some  bacilli  form  spores  under 
certain  conditions,  among  which  may  be  mentioned  moisture, 
suitable  tempsrature,  aad  presence  of  oxygen.  The  spores  are 
round  or  oval  glistening  bodies,  which  appear  in  the  substance 
of  the  bacillus,  and  grow  at  the  expense  of  the  protoplasm 
imtil  the  sheath  bursts  and  liberates  them.  They  are  extremely 
resistant  to  heat  and  cold,  but  in  certain  culture  media  spores 
readily  germinate,  a  projection  appearing  at  one  point  and 
growing  into  a  bacillus. 

Spirilla,  splrochaetae,  and  vibriones. — Long,  wavy, 
and  motile  (ciliated)  filaments.  Some  of  these  are  non-septate, 
others  are  sub-divided  and  may  break  into  baeillary  elements, 
as,  for  example,  Koch's  spirillum  of  cholera,  which  is  known  in 
a  baeillary  form  as  the  comma  bacillus  of  cholera. 

The  higher  bacteria  include  more  highly  organized 
members  of  the  Schizomycetes  which  branch  and  reproduce 
themselves  by  terminal  fructification  in  conidia.  To  this 
group  belong  leptothrix,  cladothrix,  and  streptothrix.  The 
last-named  seems  likely  to  become  the  most  important  member 
of  the  group  from  a  pathogenic  point  of  view.  The  exact 
biology  of  these  higher  bacteria  has  not  been  finally  worked 
out,  and  it  is  possible  that  further  research  may  show  that 
sometimes  they  are  but  stages  in  a  life-history  of  an  organism 
appearing  at  some  stage  in  baeillary  form. 

Micrococci  are  of  constant  occurrence,  and  patho- 
genic in  septic  processes,  acute  suppuration,  acute 
infective  osteo-myelitis,  and  erysipelas.  There  is 
strong  but  not  absolutely  complete  evidence  to  the 
same  relation  in  respect  of  pneumonia,  gonorrhosa, 
ulcerative  endocarditis,  scarlet  fever,  and  puerperal 
fever ;  micrococci  are  generally  present  in  active  lymph 
of  vaccine  and  small-pox,  and  the  virulence  is  largely 
or  wholly  lost  when  they  are  removed  by  filtration ; 
but  beyond  this  the  proof  of  theii'  being  the  actual 
materies  morbi  is  incomplete.  Ammoniacal  fermenta- 
tion  of  urine  is  determined  by  J/,  urece,  which  converts 
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urea  into  ammonium  carbonate.  Certain  diseases  of 
animals  are  believed  to  be  due  to  specific  micrococci, 
which  ai'e  also  concerned  in  decomposition. 

Bacilli  are  known  to  be  pathogenic  in  anthrax, 
tuberculosis,  tetanus,  glanders,  and  leprosy,  and  are 
believed  to  be  so  in  enteric  fever,  diphtheria, 
septicasmia,  influenza,  syphilis,  and  various  forms  of 
food  intoxication.  Many  diseases  affecting  lower 
animals  are  due  to  specific  bacilli,  and  among  them 
malignant  oedema,  swine  fever,  and  Rauschbrand 
("symptomatic  anthrax"  or  "black  leg").  The 
fermentation  of  cheese  and  butter,  and  the  souring  of 
milk  and  cream,  are  likewise  due  to  bacilli.  Each 
fermentation  and  most  forms  of  decomposition  possess 
a  specific  ferment  of  this  nature. 

Spirillum  ohermeyeri  is  found  in  the  blood  during 
acute  relapsing  fever;  the  spirillum  of  cholera,  or 
Vibrio  cltolerm  nsiaficce,  is  regarded  as  the  cause 
of  cholera;  Sjnrochceia  pallida  is  associated  with 
syphilis;  and  other  forms  occur  in  certain  tropical 
diseases  (yaws,  etc.). 

It  should  be  mentioned  that  other  micro-organisms, 
not  classed  with  bacteria,  have  relation  to  disease  and 
fermentative  processes.  Thus,  thrush  is  due  to  Oidium 
albicans,  a  mycelial  form  of  a  tortda  {Saccharomyces 
mycodernia).  Mycelial  growths,  with  spores  or  conidia, 
are  associated  with  ringworm  (Microspora  and  Tricho- 
phyta),  favus  (A  chorion  schdnleinii)  and  pityriasis 
versicolor  {Microsjwron  furfur). 

Actinomycosis  is  characterized  by  the  presence 
ot  a  mycelial  growth,  with  masses  of  club-shaped 
corpuscles  radiating  from  the  centre—the  Strepto- 
tlirix  achnomyces  (or  ray  fungus).  Somewhat  similar 
organisms  are  the  Streptothrix  madura',  (occurring  in 
Madura  foot),  and  tlie  pathogenic  streptothrices  re- 
cently described  by  Foulerton  a,nd  others.  These  all 
belong,  provisionally,  to  the  higher  bacteria.  Minute 
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amoeboid  bodies  termed  plasmodia  (hcematozoa)  are 
pathogenic  in  malaxia,  and  parasitic  amoebae,  twelve 
times  the  size  of  white  blood-corpuscles,  have  been 
found  in  the  intestines  and  fseces  in  cases  of  dysen- 
tery, and  in  pus  from  tropical  abscesses  of  the  liver 
associated  with  dysentery. 

The  origin  of  cancer  is  unknown.  In  its  initial 
stages  the  disease  is  purely  local,  then  gradually  it 
spreads  to  the  adjacent  tissues,  infecting  also  the 
lymph  glands  which  receive  the  lymphatics  from  the 
affected  area,  and  ultimately  general  infection  (dis- 
semination) of  the  body  follows.  Thus  it  appears  to 
be  of  parasitic  origin  and  may  eventually  come  to  be 
defined  as  "a  chronic  infective  disease  due  to  a 
micro-pai-asite  which  selects  an  epithelial  cell " 
(Bland  Sutton).  Modification  of  vestigial  or  em- 
bryonic cells  and  trauma  have  also  been  suggested  as 
probable  causes. 

Organisms  destitute  of  chlorophyll,  having  their 
habitat  in  living  hosts,  animal  or  vegetable,  are  termed 
jmrasites,  while  those  living  upon  dead  organic  mate- 
rial are  known  as  saprophytes.  Many  microbes  are 
capable  of  fulfilling  both  parts,  though  not  neces- 
sarily with  equal  facility.  Parasites  that  have  not 
been  found  to  grow  under  any  known  conditions  as 
saprophytes  are  distinguished  as  "obligate,"  others 
as  "  facultative."  JBaciUus  anthracis  is  an  example  of 
a  facultative  parasite,  and  the  unknown  microbes  of 
rabies  and  many  other  infective  or  inoculable  dis- 
eases may  be  provisionally  classed  as  obligate.  Culti- 
vation in  artificial  media,  that  is,  a  form  of  sapro- 
phytism,  is  essential  for  the  complete  testing  of  the 
pathogenic  nature  of  a  given  microbe.  Bacteria  may 
therefore  be  classified  as  parasitic  and  saprophytic,  or 
pathogenic  and  non-pathogenic.  Other  classifications 
may  depend  upon  the  characteristic  growth  of  bacteria 
in  artificial  media  in  pure  culture,  and  their  efiect 
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upon  such  media,  and  whether  they  grow  under 
aerobic  or  anaerobic  conditions. 

The  action  of  microbes  is  essentially  one  of  oxida- 
tion. As  a  rule  carbonic  acid  gas  is  given  off,  bvit  many 
known  and  unknown  bodies  are  formed  coincidently, 
which  vary  greatly  witli  the  pabulum  as  well  as  with 
the  microbe.  Among  these  are  the  poisonous  alkaloids 
(toxins),  which,  so  far  as  certain  pathogenic  microbes 
are  concerned,  are  usually  to  be  regarded  as  the 
immediate  agents  in  the  production  of  disease- 
symptoms.  They  are  soluble,  and  even  when  freed 
from  their  respective  microbes  have  in  certain  cases 
been  found  to  be  capable  of  producing  a  slight  and  tran- 
sient appearance  of  characteristic  symptoms.  They 
may  also  be  protective  against  disease,  and  it  has  been 
shown,  for  example,  that  the  injection  of  filtered  fluid 
in  which  anthrax  bacilli  have  been  cultivated  protects 
against  subsequent  or  even  coincident  inoculation  with 
virulent  anthrax.  Hankin  isolated  from  cultures  of 
the  anthrax  bacillus  an  cclbumose,  the  injection  of  which 
into  mice  renders  them  insusceptible  to  anthrax. 
Brieger  and  Frankel  have  isolated  pathogenic  albu- 
rn oses  from  cultures  of  the  specific  microbes  of  diph- 
theria, enteric  fever,  cholera,  and  tetanus.  Roux  and 
Yei  "sin  believe  the  soluble  poison  to  be  a  ferment,  and 
Martin  has  shown  that  in  anthrax  and  diphtheria  the 
microbe  produces  such  a  ferment  or  enzyme,  which 
reacts  on  the  tissues  to  form  albumoses,  and  that  these 
break  up  into  simpler  bodies,  which  possess  the 
specific  toxic  virulence  and  protective  power. 

Cllltivntioil. — Microbes  derive  oxygen  either  from  the 
air  or  from  compounds  cont;dning  oxygen ;  in  the  former  case 
they  are  termed  aerobic,  in  the  latter  anaerobic.  Yeast 
(!Saccharovtyces  cerevisicc)  is  anaerobic,  and  acquires  oxygen  at 
the  expense  of  the  sugar,  which  is  reduced  to  alcohol  ;  the 
"  vinegar  plant,"  Mycoderina  aceti,  in  aerobic,  and  oxidizes 
alcohol  into  acetic  acid.  Aerobic  microbes  grow  best  at  the 
surface  of  a  liquid,  anaerobic  organisms  deeper  down  away 
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from  contact  with  air  or  aerated  layers  of  fluid.  The  dis- 
tinction is  not  absolute,  and  many  microbes  are  able  to  exist 
under  either  condition  {facultative  anacrohes). 

Besides  oxygen,  microbes  require  nitrogen,  which  some  are 
able  to  take  from  salts,  such  as  ammonium  tartrate,  while  others 
can  only  assimilate  it  from  albumin  or  gelatin.  Carbon  is 
necessary,  and  also  inoi'ganic  salts,  including  sodium,  potas- 
sium, and  phosphoric  acid.  Cultivation  media  should  be 
neutral  or  faintly  alkaline. 

Both  liquid  and  solid  media  are  used.  Among  fluid  media 
are  broths  made  from  various  kinds  of  meat,  peptones  and 
meat  extracts,  Pasteur's  solution  (water  containing  cane 
sugar,  ammonium  tartrate,  and  yeast- ash),  Cohn's  solution 
(water  with  ammonium  tartrate,  potassium  phosphate,  tricalcic 
l^hosphate,  and  magnesium  sulphate),  and  bile  salt  and  sugar 
solutions.  Some  of  the  more  common  solid  media  are  boiled 
potato,  solid  egg-albumin,  blood  serum,  agar-agar,  nutrient 
gelatin  (gelatin  with  admixture  of  meat  extract),  bile — salt — 
glucose — broth  or  peptone,  lactose  media,  etc.  The  medium 
must  be  adapted  to  the  organism. 

After  thorough  sterilization  by  heat,  media  are  kept  in 
sterilized  test-tubes,  guarded,  by  means  of  sterilized  plugs  of 
cotton  wool,  against  infection  by  air-borne  germs.  Each  tube 
may  then  be  "  inoculated"  by  means  of  a  previously  sterilized 
platinum  wire  charged  with  the  microbes  to  be  cultivated  ;  the 
wool  plug  is  removed  momentarily  for  this  purpose,  and  then 
replaced.  Potato  cultures  are  made  by  inoculating  the  freshly 
cut  surface  of  a  boiled  potato  cut  in  strips  and  placed  in 
sterilized  test  tubes.  For  plate-cultivation,  a  small  portion  of 
the  liquid  under  examination  is  diffused  through  melted 
nutrient  gelatin  or  other  suitable  medium,  and  then  poured 
into  a  Petri  plate  (which  is  a  flat,  shallow  glass  dish  having  a 
glass  cover),  and  allowed  to  solidify  by  cooling  ;  protection  from 
aerial  germs  is  afforded  by  the  glass  cover.  The  temperature 
must  be  kept  constantly  at  the  point  which  experience  has 
shown  to  be  most  favourable  for  the  microbe  in  question.  For 
this  pm-pose  an  "  incubator  "  is  used,  in  which  the  temperature 
is  regulated  automaticall3%  (Room  temperature,  or  cool,  in- 
cubators  are  regulated  at  18-22"  C,  and  blood  heat  incubators  at 
37-38°  C.    The  temperature  is  regulated  by  thermo-rcgulators.) 

Liquid  media  which  solidify  offer  great  advantages.  If 
more  than  one  variety  of  microbe  is  present,  the  resulting 
colonies  tend  to  remain  distinct,  and  it  is  compnratively  easy 
to  establish  a  pure  cultivation  of  each  by  inoculating  afresh 
from  it.  Plate-cultivations  arc  especially  useful  in  this  way, 
since  by  regulating  the  proportions  the  distribution  of  the 
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colonies  may  be  made  as  sparse  as  is  necessary.  Accidental 
contamiuation  by  aerial  organisms  is  readily  prevented. 
Another  important  advantage  is  that  i^ure  cultivations  upon 
solid  media  frequently  exhibit  naked-eye  peculiarities  of  out- 
line and  characters  of  growth  that  are  important  as  means 
of  identification.  Another  method  of  obtaining  a  pure 
cultivation  is  adopted  by  cultivating  under  conditions  inhibi- 
tory to  some  microbes,  but  not  to  certain  others  :  this  is  effected 
by  adding  phenol  (Faricifi),  tauro-cholate  of  soda  {McConkey), 
crystal  violet  {Drigalski  and  Conrad i),  etc.,  or  by  maintaining 
the  temperature  at  45*^  C. 

Among  the  points  that  serve  for  the  differentia- 
tion of  the  large  number  of  varieties  of  bacteria  are 
the  following  :  Microscopic  appearances,  as  to  form, 
size,  structure,  movement ;  effect  of  certain  staining 
and  decolorizing  agents ;  media  in  which  growth 
occurs,  and  temperature  required ;  rate  of  growth ; 
macroscopic  (and  if  necessary  microscopic)  appearance 
of  cultivation  in  solid  media,  including  form,  colour, 
distribution  (superficial  or  deep),  liquefaction  of  gela- 
tin, production  of  gas,  etc.  ;  resvdts  of  inoculation 
upon  animals. 

Attenuation  of  virus  has  been  effected  in 
several  ways. 

1.  Subculturing  from  old  cultures.— Pasteur 
found  that  an  organism  retains  its  virulence  unim- 
paired if  kept  in  sealed  tubes  for  a  short  time  only,  or 
if  cultivated  with  a  minimum  interval  between  the 
successive  cultures.  If,  however,  the  cultivation  is 
allowed  to  remain  for  weeks  or  months  without  sub- 
culturing, the  virus  is  attenuated,  and  when  inocu- 
lated causes  a  mild  but  protective  form  of  the 
disease. 

2.  Cultivation  at  high  temperatures.— Pasteur 
prepared  a  "vaccine"  (i.e.  an  attenuated  virus)  of 
anthrax  by  cultivating  the  bacilli  for  three  weeks 
in  air  at  42°-43°  C.  There  is  no  visible  change  in 
the  mode  of  growth  during  this  period  except  tliat 
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spores  are  rarely  if  ever  formed,  but  spore  formation 
is  immediately  resumed  if  the  bacilli  are  transferred 
to  a  fresli  culture  at  ordinary  temperatures.  The  virus 
becomes  more  and  more  attenuated  if  the  tempei-ature 
is  maintained,  and  in  about  a  month  tlie  bacilli  all 
perish.  The  attenuation  is  brought  about  more  rapidly 
at  higher  temperatures ;  a  few  days  suffice  at  45°  C,  a 
few  hours  at  47°  0.,  a  few  minutes  at  50^-53°  C. 
The  original  viriilence  is  regained  speedily  upon 
transferring  the  attenuated  bacilli  to  fresh  media 
at  ordinary  temperatures,  if  the  attenuation  has  been 
rapid.  If,  however,  it  has  been  slow,  it  is  difficult  to 
restore  the  virulence,  except  by  animal  inoculation, 
and  not  always  then. 

3.  Cultivation  in  presence  of  inhibitory  reagents, 
— Klein  cultivated  anthrax  bacilli  in  gelatin  containing 
0'0025  per  cent,  of  mercuric  chloride,  and  obtained  an 
attenuated  virus  which  for  a  time  protected  guinea- 
pigs.  Cultivations  from  the  attenuated  virus  were 
virulent.  Other  reagents,  including  potassium  bichro- 
mate, phenol,  and  terchloride  of  iodine  (for  tetanus 
bacilli),  have  been  employed  in  like  manner  ;  or  the 
organism  may  be  grown  on  a  medium  which  is  either 
slightly  too  acid  or  too  alkaline. 

4.  Transmission  through  insusceptible  animals. 
— Anthrax  bacilli  from  sheep  or  cattle  cause  fatal 
anthi-ax  if  again  inoculated  upon  susceptible  sheep  or 
cattle,  or  upon  white  mice ;  but  bacilli  taken  from 
white  mice  produce  only  a  transient  illness  in  shee]i, 
which,  however,  is  protective.  Assuming  Jenner's 
view  to  be  correct,  vaccinia  is  an  example  of  attenua- 
tion of  virus,  that  of  small-pox  being  so  modified  by 
transmission  through  the  (insusceptible)  cow  as  to 
produce  a  mild  but  protective  form  of  the  disease. 

It  must  not  be  forgotten  that  the  opposite  of  at- 
tenuation may  also  be  obtained.  Exaltation  of  virus 
results  from  early  subculture  on  favourable  media 
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or  the  passage  of  the  virus  through  susceptible 
animals. 

These  changes  brought  about  in  the  laboratory  by 
artificial  means  find  a  close  parallel  in  the  varying 
virulence  of  epidemic  diseases.  Sometimes  the  type, 
whether  of  small-pox,  scarlet  fever,  diphtheria,  or 
measles,  will  be  malignant  and  fatal,  and  at  other 
times  the  same  disease  will  be  so  mild  as  to  cause 
scarcely  any  mortality. 

Toxins  and  their  effect. — When  a  pathogenic 
organism  grows  in  the  body,  it  produces  as  a  result  of 
its  metabolism  certain  poisonous  substances  termed 
toxins.  These  may  occur  as  a  direct  result  of  the  life 
of  the  bacillus,  or  as  a  result  of  a  ferment  produced  by 
the  bacillus.  Toxins  ai'e  of  various  kinds,  and  by  their 
effect  upon  the  blood  and  body  tissues  they  cause  the 
symptoms  of  disease.  Fever  is  produced  by  the  action 
of  albumoses  (bodies  allied  to  the  albumins)  upon  the 
heat-regulating  centres  in  the  brain.  Albumoses  also 
cause  a  number  of  other  symptoms  and  poisonous 
effects.  Toxins  act,  broadly  speaking,  in  two  ways. 
They  have  a  local  effect  (as  in  the  formation  of  an 
abscess  owing  to  necrosis  of  proliferating  cells),  and  a 
general  effect.  The  latter  is  caused  when  toxins  are 
absorbed  and  distributed  generally  throughout  the 
body.  When  this  occui^s  they  produce  degenerative 
changes  in  muscles,  in  organs,  and  in  the  blood  itself. 
Of  such  a  change  diphtheria  is  an  example.  The 
bacillus  occurs  in  a  false  membrane  in  the  throat,  and 
occasionally  other  parts.  It  first  causes  the  inflam- 
matory condition  giving  rise  to  the  membrane,  and 
then  it  breaks  it  down.  In  the  body  of  the  membrane 
the  bacillus  appears  to  secrete  a  ferment  which  by  its 
action  and  interaction  with  the  body  cells  and  proteins, 
chiefly  those  of  the  spleen,  produces  albumoses  and  an 
organic  acid  {Martin).,  which  are  the  toxins.  They  are 
absorbed,  and  as  a  nisult  we  get  the  frequent  pulse 
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and  high  temperature  of  fevcf  :  the  toxins  irritate  tlie 
mucous  membrane  of  the  intestine,  and  cause  various 
fermentative  changes  in  the  contents  of  the  bowel, 
and  thus  we  get  symptoms  of  diarrhoea  :  they  pene- 
trate the  liver,  spleen,  and  kidney,  setting  up  fatty 
degeneration  and  its  results  in  these  organs  :  they 
finally  affect  many  of  the  motor  and  sensory  nerves, 
breaking  up  their  axis-cylinders,  and  producing  the 
characteristic  paralysis.  There  is  now  some  reason 
to  believe  that  the  diphtheria  bacillus  produces  three 
separate  poisons,  causing  respectively  general  intoxi- 
cation, local  oedema  at  point  of  inoculation  which  may 
pass  on  to  necrosis,  and  paralysis. 

Toxins  have  been  divided  by  Martin  into  extra- 
cellular (ferments,  albumoses  and  alkaloids)  and 
intracellular,  or  poisons  present  in  the  body  of  the 
bacillus  and  not  "  available  "  if  the  bodies  of  the  bacilli 
be  filtered  out. 

The  virus  of  anthrax  ])roduces  albumoses  and  an 
alkaloidal  substance  [Martin),  the  former  producing 
fever,  the  latter  oedema,  congestion,  and  local  irritation. 
Hankin  holds  that  the  bacillus  first  j)roduces  a  ferment 
and  then  elaborates  albumoses,  and  other  authorities 
are  undecided  as  to  whether  it  produces  a  soluble 
poison  or  only  an  intracellular  toxin.  In  tetanus  the 
bacillus  produces  a  secretion  of  non-proteid  toxin 
which  causes  convulsions.  The  albumoses  present  in 
this  disease  are  probably  due  to  the  secretory  toxin. 
Ehrlich  has  isolated  a  spasm-producing  toxin  {tetano- 
spasmiii),  and  a  crude  poison  capable  of  destroying 
red  blood  cells  by  hiemolysis  {tetanolysin).  The 
nature  of  the  tetanus  toxin  is  not  determined,  but  it 
is  known  that  it  is  a  most  powerful  poison,  probably 
less  than  .y-^  grain  being  poisonous  to  man.  Tetanus 
toxin  (ietanine)  lias  a  marked  affinity  for  the  nervous 
system,  though  it  exists  in  other  organs  from  which 
it  may  be  extracted  by  glycerine.    In  typhoid  fever 
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infcracellulai'  bacillary  poisons  exist,  and  a  toxalburain 
lias  been  obtained  wliich.  has  pathogenic  effects  of  an 
indefinite  character.  The  plague  bacillus  and  the 
cholera  bacillus  also  contain  intracellular  toxins.  In 
glycerine-bouillon  the  tubercle  bacillus  produces  toxin, 
and  the  bodies  of  the  bacilli  are  themselves  toxic. 
Tubercle  toxin  forms  a  peculiar  acid  (which  causes 
caseation)  and  other  substances  producing  fever  and 
convulsions. 

The  action  of  bacteria  as  disease  producers  depends 
then  (1)  upon  the  effects  of  the  presence  of  the  bacteria 
themselves,  (2)  upon  their  power  of  forming,  directly 
or  indirectly,  certain  chemical  organic  products  known 
as  toxins,  and  (3)  upon  the  individual  attacked.  The 
efiects  of  bacteria,  though  very  diverse,  may  be  classi- 
fied generally  as  o'l -A  necrotic  or  a  separative  character, 
leading  to  increased  functional  activity  at  first  (such 
as  phagocytosis),  and  subsequently  to  increased  forma- 
tive activity  (such  as  cell  growth  and  subdivision). 
In  most  diseases  the  lesion  has  a  special  site  (as  in 
typhoid  fever)  and  the  body  generally  is  only  affected 
indirectly.  This  localization  may  be  due  to  specific 
action,  or  to  point  of  entrance  of  the  bacillus  (as  in 
malignant  pustule).  Secondarily  to  tissue  changes 
the  body  metabolism  is  affected  owing  to  the  absorp- 
tion and  distribution  of  toxins,  and  it  is  to  this  cause 
as  a  rule,  that  the  chief  symptoms  of  disease  are  due. 
Finally,  much  depends  upon  the  soil  upon  which  the 
bacteria  and  their  toxins  are  implanted.  It  must 
never  be  forgotten  that  the  individual  is  an  extremely 
miportant  factor  in  the  production  and  character  of 
disease. 

Protective  elFect.  _  An    important  general 
characteristic  of  specific  diseases  is  their  tendency 
m   the   event  of  recovery  to   protect   the  patient 
against  a  subsequent  attack  of  the  same  disease 
ihis  statement  must  be  taken  in  a  modified  sense 
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as  regards  syphilis,  leprosy,  and  the  malarial  dis- 
eases. The  protection  is  perhaps  most  complete  in 
small-pox,  but  in  this,  as  in  all  others  of  the  class, 
second  and  even  third  attacks  are  occasionally  met 
with.  In  enteric  fever,  diphtheria,  and  influenza  the 
protection  is  much  less  marked,  and  in  erysipelas, 
phthisis,  and  septicaemia  it  can  scarcely  be  said  to  exist. 
In  all  cases  it  diminishes  with  the  lapse  of  time,  its 
duration  being  dependent  upon  the  natui-e  of  the 
disease,  upon  the  amount  of  lesion  (in  vaccination  at 
all  events),  and  probably  upon  idiosyncrasy.  Klein 
has  shown  that  protection  against  anthrax,  though 
real,  is  very  brief  in  guinea-pigs,  and  much  more 
lasting  in  cattle.  Various  conditions  affect  both  the 
onset  and  protectiveness  of  disease.  Fatigue  greatly 
increases  the  susceptibility  of  rats  to  anthrax.  The 
presence  of  sugar  in  the  tissues  (due  either  to  direct 
injection  of  sugar,  or  administration  of  phloridzin) 
lessens  the  resistance  to  glanders  and  to  suppuration, 
but  not  to  anthrax  or  tubercle.  There  are  also  ex- 
amples of  the  virulence  of  a  pathogenic  microbe  being 
intensified  by  the  presence  of  an  otherwise  harmless 
germ.  Little  is  known  as  to  any  protective  power 
of  one  specific  disease  against  another,  unless  vaccinia 
be  regarded  as  absolutely  distinct  from  small-pox. 
Erysipelas  has  been  found  experimentally  to  be  pro- 
tective against  anthrax. 

Five  principal  hypotheses,  in  some  degree  over- 
lapping each  other,  have  been  advanced  to  account 
for  the  protection  conferred  by  an  attack  of  specific 
disease  : — 

1.  The  exhaustion  or  pabulum  theory  is  that 
the  microbes  during  the  first  attack  remove  some 
chemical  substance  necessaiy  for  their  growth,  the 
loss  of  this  substance  rendering  further  attack  impos- 
sible. This  view  involves  the  improbable  assumption 
that  the  human  body  contains  a  special  and  separate 
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pabulum  suited  to  each  specific  disease  to  which  it 
is  liable,  since  one  disease  is  only  protective  against 
itself. 

2.  The  antidote  or  retention  theory  assumes  that 
the  first  attack  leaves  in  the  system  some  direct  or  in- 
direct product  of  the  growth  of  the  microbes  which 
inhibits  any  further  multiplication.  There  is  experi- 
mental evidence  in  support  of  this  view,  and  sterilized 
or  filtered  cultivations  of  certain  pathogenic  microbes 
have  been  found  (if  injected  into  the  system)  to  have 
a  protective  action,  which,  curiously  enough,  does  not 
necessarily  include  any  power  of  checking  the  growth 
of  the  specific  microbes  outside  the  living  body,  in 
artificial  media.  The  effect  therefore  is  not  due  to 
direct  action  on  the  microbes,  but  to  increase  of 
resistance.  This  theory  was  the  forerunner  of  the 
antitoxin  theory,  which  in  its  turn  originated  the 
idea  of  cmti-hacterial  bodies  (complement  and  copula). 
The  serum  of  an  "  immunized  "  animal  has  also  been 
found  to  contain  substances  which  agglutinate  bacilli 
or  corpuscles  {agglutinins),  others  which  destroy 
living  cells  {cytolysins),  and  others  still  which  precipi- 
tate the  albumins  of  the  serum  (jjrecipitins). 

3.  According  to  the  acclimatization  theory,  the  cells 
and  tissues  of  the  individual  are  in  some  way  modified 
during  an  attack  so  as  to  be  able  to  resist  future 
invasions  of  the  same  microbe.  The  tissues,  in  short, 
have  acquired  a  tolerance  of  the  poison  of  a  certain 
disease,  and  subsequently  that  infection  does  not 
produce  the  former  symptoms  of  disease. 

4.  The  phagocyte  theory,  somewhat  allied  to  the 
theory  of  acclimatization,  is  based  on  Metchnikofl['s 
observation  that  when  virulent  anthrax  bacilli  are 
inoculated  into  an  insusceptible  animal  (such  as  a 
frog),  the  white  (amceboid)  blood  corpuscles  absorb 
tlie  bacilh  bodily,  and  presumably  destroy  them  The 
«ame  happens  when  attenuated  virus  is  inoculated 
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even  into  susceptible  animals ;  tlie  bacilli  may  be 
seen  partially  or  wholly  embedded  in  the  amoeboid 
corpuscles.  When  a  susceptible  animal  is  inoculated 
with  virulent  anthrax,  however,  few  if  any  bacilli  can 
be  seen  inside  the  corpuscles.  The  inference  to  be 
drawn  from  MetchnikofF's  observations  is  that  the 
amoeboid  corpuscles  act  as  "phagocytes,"  or  destroyers 
of  pathogenic  microbes;  and  that  "protection"  is 
largely,  if  not  entirely,  dependent  upon  this  action. 
The  same  hypotheses  may  serve  to  account  for  the 
termination  of  an  attack.  It  may  be  assumed  that 
all  the  pathogenic  microbes  peiish  or  are  elimin- 
ated at  the  end  of  an  attack  of  most  of  the  infectious 
diseases,  but  pass  into  a  quiescent  stage  in  the  in- 
tervals of  malarial  and  relapsing  fever.  In  tubercu- 
losis, leprosy,  and  syphilis,  their  development  may  be 
progressive. 

In  1903  Wright  and  Douglas  found  that  no  pliagocytosis 
occurred  if  the  leucocytes  were  separated  from  the  blood  plasma. 
They  concluded,  therefore,  that  the  leucocyte  by  itself  was 
impotent,  and  that  the  phagocytosis  was  dependent  upon  some 
substance  in  the  blood  plasma.  Subsequently  they  showed  that 
this  substance  did  not  act  directly  upon  the  leucocytes,  but  by 
combining  with  the  micro-organisms  prepai-ed  them,  so  to  speak, 
for  destruction  by  the  leucocytes,  hence  this  substance  in  the 
plasma  is  termed  opsonin  {opsono,  I  cater  for).  It  follows  that 
the  amount  of  phagocytosis  is  an  index  of  the  quantity  of 
opsonin,  and  does  not  directly  represent  the  vital  activity  of 
the  leucocyte.  Opsonins  are  believed  to  be  distinct  from 
agglutinins  and  antitoxins,  and  possess  apparently  a  high 
degree  of  specificity.  In  normal  serum  they  are  almost  com- 
pletely destroyed  by  heating  for  ten  minutes  at  60°  C.  The 
opsonic  content  of  any  blood  is  arrived  at  by  comparing  the 
amount  of  phagocytosis  observed  as  a  result  of  the  activity  of 
its  serum  with  the  amount  of  phagocytosis  observed  in  the 
case  of  a  normal  serum  used  as  a  control.  The  figure  so 
obtained  is  termed  the  "  opsonic  index "  of  the  patient's 
blood ;  e.g.  an  opsonic  index  of  O'o  means  that  the  blood  con- 
tains one-half  the  normal  quantity  of  that  specific  opsonin. 
The  opsonic  index  is  a  test  of  considerable  value  in  estimating 
the  trend  of  immunization. 
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5.  Ehrlich's  side-chain  theory, —Ehrlicli  looks 
upon  a  molecule  of  normal  protoplasm  as  composed 
of  a  central  atom  cell  with  a  large  number  of  "  side- 
chains  "  of  atom  groups.  The  central  cell  is  the  mother 
cell,  the  side  chains  are  receptors,  that  is,  cells  having 
combining  affinity  with  food-stuflPs  by  which  nutriment 
is  brought  to  the  mother  cell.  These  receptors  are 
of  two  kinds,  those  having  power  of  combining  with 
molecules  of  simple  constitution,  and  those  having 
power  of  breaking  up  compound  bodies  by  ferment 
action  for  purposes  of  assimilation.  Toxins  are 
provisionally  regarded  by  Ehrlich  as  possessing  two 
kinds  of  elements,  haptoplwroiis  (i.e.  the  atomic 
group  responsible  for  union  with  side  chains  of 
cells)  and  toxophorous  (i.e.  the  toxic  atomic  group). 
When  introduced  or  occurring  in  the  system,  toxins 
are  fixed  to  the  receptors  by  the  former,  while 
the  latter  remain  free,  and  if  in  sufficient  number 
or  quantity  produce  toxic  changes.  If  the  dose 
of  toxin  is  small,  the  mother  cell  throws  off  the 
receptor  plus  the  toxin  (R  +  T),  which  thus  becomes 
free  in  the  blood.  The  central  atom  group  then 
produces  new  receptors,  which  in  their  turn  are  set 
free.  Ultimately  the  toxin  being  exhausted,  there  is 
over-regeneration  of  receptors  and  the  excess  of  un- 
fixed receptors  becomes  free  in  the  blood,  constituting 
antitoxin  molecules.  Thus,  when  forming  part  of  the 
mother  cell  the  receptors  anchor  the  toxin,  which 
sets  up  toxic  effects,  but  when  the  receptors  are  free 
in  the  blood  (R  +  T)  we  have  an  inert  compound 
witliout  toxic  effect.  This  ingenious  theory  assumes 
that  antitoxins  are  normally  present  in  the  bodv  in 
varying  degrees,  but  when  stimulated  by  introduction 
of  toxin  become  increased. 

Such  then  are  the  hypotheses  which  have  been 
suggested  to  explain  immunity.  They  cannot  at 
best  be  said  to  be  more  than  theories,  and  new  kiiow- 
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ledge  may  substantially  modify  or  even  supplant 
them.  At  the  present  time  Ehrlich's  theory  is 
generally  accepted  as  explaining  the  production  of 
immunity  and  allied  phenomena.  The  antitoxin  mole- 
cule has  thus  come  to  be  looked  upon  as  a  protective 
substance,  prodixced  in  the  body  cells  as  a  result  of 
toxic  action,  and  held  in  solution  in  the  blood  serum, 
and  there  and  elsewhere  exerting  its  neutralizing  in- 
fluence by  combining  with  the  toxins.  These  antitoxic 
bodies  gradually  increase  in  the  blood  and  tissues,  and 
their  action  is  believed  to  fall  into  two  groups,  (a) 
antitoxic,  which  counteract  the  effects  of  the  poison 
itself;  and  (b)  antimicrobic,  which  counteract  the  effects 
of  the  bacillus  itself.  "  In  one  and  the  same  animal 
the  blood  may  contain  a  substance  or  substances 
which  are  both  antitoxic  and  antimicrobic,  such,  for 
example,  as  occurs  in  the  process  of  the  formation 
of  the  diphtheria  and  tetanus  antitoxic  serums " 
[Martin).  Other  authorities  bold  that  the  antitoxin 
is  not  anti-bacterial.  In  any  case,  antitoxin  must  be 
looked  upon  as  a  normal  constituent  of  the  living  cells 
which  is  produced  in  increased  quantity,  and  which 
combines  with  the  toxin  and  neutralizes  it.  Of  the 
chemical  nature  of  toxins  and  antitoxins  very  little  is 
known.  Toxins  ai'e  probably  of  the  nature  of  albumoses, 
and  antitoxins  probably  have  a  molecule  of  greater  size, 
and  may  be  allied  to  the  globulins.  Antitoxin  has 
been  shown  to  appear  in  the  various  secretions  of  the 
body  as  well  as  in  the  blood,  though  in  a  less  con- 
centrated state.  The  relation  of  the  antitoxin  to  the 
toxin,  and  its  mode  of  antagonism,  is  probably 
analogous  to  chemical  union. 

Immiiiiity, therefore,  depends  upon  some  property 
in  the  living  blood  serum  which  opposes  or  annuls,  in 
part  or  wholly,  the  products  and  action  of  the  infect- 
ing organism.  Buchner  designated  these  protective 
bodies,  held  in  solution  in  the  blood,  alexines,  and 
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recjarded  them  as  belonofinw  to  the  albuminous  bodies 
of  the  lymph  and  plasma.  Alexines  ai*e  naturally 
produced  antitoxins  ;  artificially  produced  antitoxins 
are  acquired  alexines,  corresponding  to  "  natural  "  and 
"  acquired  "  immunity.  The  term  natural  immunity 
is  used  to  denote  natui-al  resistance  to  some  particular 
specific  disease.  It  may  be  due  to  species  of  animal, 
or  age,  or  individual  idiosyncrasies.  For  example, 
cholera  and  typhus  fever  which  affect  man  do  not 
affect  the  lower  animals.  Swine  plague  does  not 
aflfect  man.  The  white  rat  is  immune  to  anthrax, 
which  readily  attacks  cattle.  Acquired  immunity  is 
a  protection  not  belonging  to  the  tissues  of  individuals 
naturally  and  as  part  of  their  constitution,  but  acquired 
during  life  in  one,  or  both,  of  two  ways.  Either  it 
may  be  an  involuntarily  acquired  immunity,  or  a 
voluntarily  acquired  immunity — a  natural  attack  of 
disease,  or  an  artificial  attack  such  as  that  due  to 
inoculation.  Small-pox  and  a  number  of  other 
diseases  rarely  attack  the  same  individual  twice, 
because  each  of  these  diseases  leaves  behind  it,  so  to 
speak,  its  antitoxic  influence.  Hence  the  individual 
has  invohmtarily  acquired  immunity  against  these 
diseases.  An  example  of  voluntarily  acquired  im- 
munity occurs  in  the  old  method  of  preventive  in- 
oculation for  small-pox,  or  variolation.  This  was  an 
inoculation  setting  up  an  artificial  and  mild  attack  of 
small-pox,  by  which  the  protective  antitoxins  of  that 
disease  were  produced.  It  was  a  voluntarily  acquired 
immunity.  This  form  of  artificial  production  of  pro- 
tection is  artificial  immunity.  When  artificial  im- 
munity is  produced  by  direct  inoculation  of  attenu- 
ated bacteria  in  toxins  (as  in  vaccination  or  Pasteur's 
treatment  of  rabies)  the  condition  is  known  as  active 
immunity  ;  where  antitoxins  are  inoculated  (as  in  the 
antitoxin  treatment  of  diphtheria)  the  condition  is 
that  of  passive  immu7iity. 
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Therapeutics  of  iiiiiniiiiily.  —  Few  recent 
advances  in  preventive  medicine  have  been  more  re- 
markable than  the  application  of  the  new  knowledge 
respecting  immunity  to  the  treatment  of  disease.  In 
small-pox,  diphtheria,  tetanus,  plague,  enteric  fever, 
tubercidosis  and  other  diseases,  vaccines  or  serums 
have  been  discovered  and  are  now  in  daily  use,  in 
diagnosis  as  well  as  in  treatment,  prophylactic  and 
therapeutic.  Subsequent .  reference  will  be  made  to 
these  remedies  as  each  disease  is  considered.  Here, 
however,  it  is  necessary  to  describe  briefly  the 
preparation  of  antitoxic  serums  and  vaccines. 

Antitoxic  serum  is  usually  derived  artificially 
from  [the  horse.    A  healthy  animal  is  selected  and 
tested  by  tuberculin  (diagnostic  of  tuberculosis)  and 
mallein  (for  glanders).    It  is  then  inoculated  with  a 
dose  of  attenuated  toxin,  and  subsequently  with 
gradually  increasing  doses  of  virulent  toxin,  produc- 
ing slight  febrile  attacks  until  a  large  degree  of  toler- 
ance has  been  produced.    The  toxins  used  for  injec- 
tion  are    prepared   by  growing  the  organisms  in 
suitable  fl  uid  media,  and  filtering  oft^  the  bodies  of  the 
bacteria.    When  a  sufficient  degree  of  immunity  is 
reached  a  few  days  are  allowed  to  elapse,  and  then 
16  to  20  pints  of  the  horse's  blood  are  withdrawn 
from  the  jugular  vein,  under  antiseptic  conditions, 
into  sterilized  flasks.    After  coagulation  the  serum 
(about  half  the  volume  of  the  blood)  is  decanted  and 
mixed  with   a   small  quantity  of  antiseptic.  The 
serum  is  then  tested  for  the  presence  of  organisms 
and  toxic  properties  by  incubation  in  favourable 
media  and  by  animal  inoculation.    If  the  serum  be 
germ-free  and  non-toxic  it  is  ready  for  standardiza- 
tion, which  is  accomplished  by  inoculating  a  standard 
animal  with  a  standard  dose  capable  of  neutralizing  a 
given  "minimal  lethal  dose "  of  toxin.    In  the  case 
of  diphtheria  the  death  of  a  guinea-pig  weighing 
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250  grammes  on  the  fourth  clay  is  used  as  a  standard, 
and  equal  quantities  of  toxin  and  antitoxic  serum  are 
inoculated  to  determine  tlie  capacity  of  the  toxin  to 
kill  on  the  fourth  day.  A  unit  of  antitoxin  is  that 
quantity  of  antitoxic  serum  which  will  exactly 
neutralize  100  minimal  lethal  doses. 

Vaccination  is  an  inoculation  of  an  attenuated 
virus.  Vaccines  are  pi^epared  artificially  from  the 
strain  of  the  bacterium  producing  the  infection  of  the 
patient,  which  is  isolated,  cultivated  under  "opti- 
mum" conditions,  and  then  killed  in  saline  emulsion 
at  its  thermal  death  point.  The  vaccine  is  then 
tested  for  sterility  and  pi^eserved  by  the  addition  of 
antiseptic.  Ihe  preparation  of  glycerinated  calf 
lymph  and  Pasteur's  vaccine  for  rabies  are  described 
subsequently. 
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SPECIFIC  DISEASES 

IS  mall-pox  has  been  described  more  or  less  clearly 
in  Eastern  counti-ies  for  nearly  two  thousand  years, 
and  more  definitely  in  Europe  since  the  sixth  century. 
No  part  of  the  world  is  exempt  from  epidemic  visita- 
tion ;  but  in  India  and  the  Soudan  it  is  so  constantly 
prevalent  that  these  may  be  regarded  as  endemic  foci. 
Pandemic  extension  occurs  from  time  to  time,  charac- 
tei'ized  by  the  enormous  areas  attacked,  and  by  the 
malignant  type  of  the  disease.  The  last  of  these  was 
that  of  1871-2,  which  overran  Europe  and  America, 
and  caused  in  England  alone  42,000  deaths  during  the 
two  yeai's. 

The  whole  epidemic  character  of  small-pox  has 
completely  changed  since  the  introduction  of  vaccina- 
tion. The  "  bills  of  mortality  "  show  that  upon  the 
average  7  to  9  per  cent,  of  the  persons  buried  in 
London  during  the  seventeenth  and  eighteenth  centu- 
ries had  died  of  small-pox,  and  in  epidemic  years  the 
proportion  often  rose  to  13,  15,  or  even  18  per  cent. 
The  only  approach  to  this  state  of  things  since  the 
introduction  of  vaccination  was  in  the  pandemic  year 
1871  when  9-8  per  cent,  of  the  deaths  in  London 
were'  due  to  small-pox.  The  general  mortality  upon 
which  this  percentage  is  calculated  is,  of  course,  fur 
smaller  in  proportion  to  population  than  in  the  last 
century.  During  the  greater  part  of  last  century 
small-pox    became   somewhat  prevalent  in  London 

374 


chap;  xiiil  SMALL-POX 


375 


Qverj  four  or  five  years,  but  in  the  decade  1891-1900 
it  remained  at  a  very  low  ebb,  although  there  have 
been  signs  of  reviving  activity  since  1900.  The 
same  remai-ks  apply  more  or  less  to  the  other  English 
towns,  all  of  which  suffered  heavily  in  1871-2,  and 
with  few  exceptions  have  been  unprecedentedly  free 
from  the  disease  in  recent  years.  A  severe  epidemic 
occurred  in  ShefBeld  in  1887-8,  however,  in  the 
manufacturing  districts  of  Yorkshire  and  Lancashire, 
and  at  Gloucester  in  1896,  and  throughout  the  country 
in  1902-3. 

Season  The  mortality  curve  for  small-pox  in 

England  is  above  the  mean  from  January  to  June, 
and  below  it  from  July  to  December.  The  New 
York  curve  does  not  differ  essentially  from  this,  but 
rises  to  a  more  definite  maximum  in  May.  In  India 
the  maximum  is  found  to  occur  in  the  cold  season, 
namely,  in  March  or  April.  Soil  does  not  appear  to 
have  any  influence  upon  the  prevalence  of  small- 
pox. 

Air — In  1884-5  it  was  found  by  Power  that 
cases  of  small-pox  in  the  surrounding  districts  fol- 
lowed the  admission  of  acute  cases  into  Fulham 
Hospital.  He  showed  that,  if  the  district  were 
divided  into  zones,  by  means  of  circles  drawn  upon 
the  map  from  the  hospital  as  a  centre,  Avith  radii 
of  i,  h,  |,  and  1  mile  respectively,  and  an  enumera- 
tion made  of  all  the  houses  in  each  belt,  and  also 
of  all  houses  invaded  by  small-pox,  the  proportion  of 
invaded  houses  diminished  as  the  distance  from  the 
hospital  increased,  and  this  relation  held  good  in  each 
"quadrant"  of  each  zone  (Fig.  46).  Within  the 
quarter-mil(!  zone  there  was  only  one  approach  to  the 
hospital,  and  this  was  in  the  N.W.  quadrant.  The 
distribution  of  cases  in  the  several  quadrants  was 
not  such  as  to  suggest  any  relation  to  lines  of 
traffic  or  amljulance  routes.    Power's  conclusion  was 
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that  diffusion  only  occurred  when  acute  cases  were 
aggregated,  and  pei^haps  only  under  certain  atmo- 
spheric conditions  that  it  is  impossible  as  yet  to 
define. 

Barry  found  a  similar  radiation  of  infection  from 
hospital  upon  a  larger  scale  in  the  Sheffield  epidemic 
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pjg  46.— Incidence  of  small-pox  upon  district  around  Fulham  Hospital, 
May  25th,  1884,  to  September  26th.  1885. 

The  figures  show  the  percentage  of  houses  invaded  in  eacli  quadrant  and 
quarter-mile  zone. 

of  1887-8,  but  the  possibility  of  personal  convection 
could  not  be  entirely  excluded.  Similar  observations 
with  similar  results,  namely,  a  graduated  intensity  of 
small-pox  incidence  as  distance  between  small-pox 
hospital  and  a  populous  neighbourhood  became  less, 
have  been  made  at  Oldham  in  1893  ;  Warrington, 
1892-3;  Bradford,  1893;  Glasgow,  1900-1;  and  the 
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Orsett  Union,  adjoining  the  site  of  the  small- 
pox hospital  ships  in  the  Thames,  from  1884 
to  1902.  These  and  other  careful  investigations 
leave  little  room  for  doubt  that  under  favour- 
able conditions  small-pox  can  be  conveyed  through 
the  air,  and  for  considerable  distances.  An  ob- 
servation at  Nottingham,  1887-8,  tends  to  show  that 
the  same  radiation  may  occur  upon  a  small  scale  from 
a  single  acute  case.  The  town  had  been  absolutely 
free  from  small-pox  for  a  year,  when  a  case  was 
imported  and  concealed  in  a  ci'owded  house  in  a  dense 
qviarter.  On  the  south  side  this  house  was  closely 
adjoined  by  courts  and  alleys  that  were  only  acces- 
sible (from  the  north)  by  a  long  and  circuitous  route  ; 
streets  and  houses  on  all  the  other  sides  of  the  house 
in  question  were  freely  accessible.  Three  houses 
situated  in  the  isolated  courts  on  the  south  were 
invaded,  but  none  in  the  directions  in  which  traffic 
could  pass.  The  dates  of  attack  in  each  case  corre- 
sponded with  the  hypothesis  of  aerial  convection  from 
the  concealed  case  during  the  acute  stage,  and  the 
wind  was  northei-ly  at  the  time  of  probable  infection 
in  each.  Confirmatory  evidence  as  to  such  diffusion  of 
small-pox  from  centimes  outwards  has  been  repeatedly 
recorded. 

Neither  water  nor  milk  has  been  shown  to  convey 
the  infection  of  small-pox. 

Age  and  sex. — The  mortality  from  small-pox  is 
greater  among  males,  not  only  at  all  ages  taken 
together,  but  also,  with  few  exceptions,  at  each  age 
period.  The  exceptions  are  the  second  and  third  years 
of  life,  and  the  tenth  to  the  fifteenth  year,  at  all 
of  whicli,  from  some  unexplained  cause,  the  female 
mortality  slightly  exceeds  the  male. 

The  relation  to  age  has  to  be  considered  with 
reference  to  vaccination.  In  pre- vaccination  times, 
as  McVail  has  shown  from  the  Kilmarnock  registers, 
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90  per  cent,  of  the  deaths  were  at  ages  below  five 
years,  the  actual  maximum  being  in  the  second  year. 
Under  present  conditions,  the  deaths  under  live  years 
being  practically  limited  to  un vaccinated  children, 
constitute  only  30  per  cent,  of  the  total  small-pox 
deaths,  and  in  this  age  period  the  greatest  mortality 
occurs  in  the  first  year,  being,  indeed,  highest  in  the 
first  three  months  of  life.  It  diminishes  steadily 
from  this  point  until  about  the  fifteenth  year,  rises  to 
a  second  maximum  about  the  twenty-fifth  year,  and 
thenceforward  diminishes  again. 

Race — Coloured  races,  and  especially  negroes, 
have  a  peculiar  susceptibility  to  small-pox.  They 
take  it  more  readily,  and  suffer  a  heavier  case  mor- 
tality, than  white  races,  apart  from  all  question  of 
vaccination. 

The  incubation  period  is  usually  twelve  days,  or, 
counting  to  the  appearance  of  the  rash,  fourteen  days, 
so  that  the  rash  is  seen  on  the  fifteenth  day,  on  the 
same  day  of  the  week  that  the  infection  was  acquired. 
There  are,  however,  exceptions  to  this  rule.  Inocu- 
lation of  small-pox  is  followed  by  constitutional 
symptoms  on  the  seventh  or  eighth  day,  and  the 
general  rash  appears  on  the  tenth  or  eleventh.  Even 
after  infection  by  more  ordinary  means  it  is  stated 
that  the  latent  period  may  range  from  seven  to  eighteen 
days;  and  the  rash  is  often  delayed  until  the  foui-th 
day  (i.e.  the  third  after  onset)  instead  of  appearing  on 
the  third. 

Infection  is  given  off",  presumably  by  the  breath, 
from  the  earliest  onset.  The  exhalations,  the  vesicles, 
pustules,  and  scabs  are  also  highly  infcctioiis.  The 
virus  may  be  carried  by  air  currents,  as  already  men- 
tioned. It  readily  lodges  in  clothing,  and  retains  its 
vitality  tenaciously  ;  hence  outbreaks  are  liable  ^  to 
occur  in  paper- works  and  other  manufactures  in  which 
rags  are  employed.    Isolation  should  bo  maintained 
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for  at  least  three  weeks  in  the  mildest  case,  and  always 
nntil  eA^ery  scab  lias  disappeai^ed — a  process  which,  in 
confluent  cases,  will  take  six  weeks,  and  often  con- 
siderably longer.  After  exposure  to  infection,  a 
quarantine  of  seventeen  days — to  allow  a  margin 
over  the  fortniafht  —  is  sufficient.  Second  attacks 
are  rare,  except  after  several  years'  interval.  Third 
attacks  are  not  unknown. 

Diagnosis. — The  medical  officer  of  health  is  not  infre- 
quently consulted  as  to  the  diagnosis  of  variola,  and  it  may  be 
desirable  therefore  to  add  here  the  main  points  to  be  borne  in 
mind  as  characteristic  of  the  disease  : — 

Sudden  attacks  of  fever,  headache,  vomiting,  backache  (most 
marked  in  the  lumbar  and  sacral  regions)  generally  begin 
fi'om  12  to  14  days  after  infection.  Rigoi-s  are  often  present. 
Vomiting  and  retching  are  sometimes  severe.  In  children  (and 
even  in  adults  occasionally)  these  initial  symptoms  may  be 
obscured  by  drowsiness. 

The  initial  symptojns  last  two  or  three  days  he/ore  tJie 
cliaracteristic  rash  wppears.  But  in  some  cases  accompanying 
these  symptoms  are  various  forms  of  mild  eruptions,  which 
may  simulate  measles  or  scarlatina.  Such  eruptions  are  fre- 
quently localized  to  different  parts  of  the  body. 

The  characteristic  eruption  of  small-pox  appears  about  two 
days  after  the  onset  of  the  backache,  fever,  etc.  It  consists  at 
first  of  a  number  of  small  red  pimples  or  spots,  which  gradually 
enlarge  and  become  hard  and  "  shotty  "  to  the  touch.  After 
they  have  been  out  for  about  48  hours  they  begin  to  become 
small  bladders  or  vesicles,  containing  at  first  clear,  and,  later 
on,  purulent  matter  (pustules).  They  are  about  the  size  of  a 
split  pea,  are  surroimded  by  a  thin  red  zone  (or  areola),  are 
definitely  raised  above  the  level  of  the  skin,  often  assume  the 
colour  of  dull  pearl,  and  in  many  cases  show  a  central  depres- 
sion (umbilication).  About  the  eighth  or  ninth  day  the  pus'tules 
begin  to  dry  up,  so  that  from  the  first  appearance  of  the  rash, 
the  successive  stages  of  pimple,  vesicle,  and  pustule  occupy 
about  ten  or  eleven  days.  Simultaneously  with  its  appearance 
on  the  skin  the  eruption  appears  on  the  mucous  membrane  of 
the  mouth  and  palate. 

In  persons  who  have  been  vaccinated  the  rash  is  somewhat 
modified  (varioloid)  and  comes  out  more  rapidly ;  the  vesicles 
are  smaller  and  less  abundant,  not  so  much  depressed  in  the 
centre,  and  may  not  become  pustular. 
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An  important  point  is  the  distribution  of  the.  rash.  The 
first  spots  generally  come  out  on  the  face,  particularly  on  the 
forehead  and  around  the  lips.  Almost  immediately  afterwards 
they  appear  on  the  limbs,  being  particularly  marked  on  the 
wrists  and  ankles.  Afterwards  the  rash  appears  on  the  back, 
whilst  the  skin  on  the  front  of  the  chest  is  less  affected  and  the 
skin  of  the  abdomen  least.  A  further  point  is  that,  as  a  rule, 
when  the  rash  comes  out  the  temperature  falls  and  the  patient 
feels  better.  In  rare  instances  the  rash  is  almost  entirely 
supi^ressed,  and  therefore  in  times  of  epidemic  the  appear- 
ance of  the  premonitory  symptoms  alone  should  arouFc 
suspicion. 

The  three  most  important  aids  to  correct  diagnosis  are — 
the  premonitory  symptoms,  the  character  of  the  rash,  and  the 
distribution  of  the  rash.'* 

The  precautionary  measures  to  be  taken  in  case 
of  an  outbreak  of  small-pox  include  immediate 
and  rigid  isolation.,  which  can  only  be  satisfactorily 
carried  out  in  hospital,  especially  when  the  danger 
of  aerial  spread  of  infection  is  considered ;  thorough 
disinfection ;  vaccination,  or  revaccination  of  all  per- 
sons who  have  been  exposed  to  risk  of  infection, 
however  remotely,  those  only  being  excepted  who 
have  recently  (say  within  four  years)  undergone 
successful  vaccination,  or  who  bear  marks  of  recent 
small-pox.  Vaccination  within  a  day  or  two  of 
exposure,  and  followed  by  a  normal  reaction,  is  a 
certain  ]  reventive  [Ricketts).  No  reliance  can  be 
placed  upon  verbal  assurances  as  to  previous  attacks, 
or  even  as  to  vaccination,  and  after  a  time  the 
protection  of  previous  small-pox,  as  well  as  of  vac- 
cination, may  vanisli. 

The  pathogenic  mici-obe  of  small-pox  has  not  yet 
been  isolated.  Various  observers  have  described 
bacilli,  micrococci  and  protozoa  which  have  been  held 
to  have  etiological  significance. 

SCO  "  The  Diagnosis  of  Siiinll-iiox,"  bjjT.  P.  UickoUs,  in  wliicli  tl>i.s 
subject,  particularly  tlio  diagiioslic  .-iignilicancc  of  the  distribution  ol  the 
rash,  is  worked  out  in  detail. 
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Inoculation  of  small-pox  (variolatioii),  dlyendj  referred  to 
aljove,  was  generally  practised  in  England  in  the  eighteenth 
century,  having  heen  introduced  from  the  East  in  1721  by  Lady 
Mary  Wortley  Montagu.  It  seems  to  have  been  custoniary  to  in- 
oculate from  the  primary  vesicle,  not  from  the  secondary  rash. 
Mild  cases  were  selected,  and  the  lymph  was  taken  before 
suppuration  set  in.  The  fatality  (2  or  3  per  cent.),  though 
far  lower  than  that  of  "natural"  small-pox,  was  by  no  means 
trifling,  and  the  readiness  with  which  the  risk  was  incurred  is 
a  strong  illustration  of  the  magnitude  of  the  danger  to  which 
it  was  the  only  known  alternative.  It  was  superseded  by 
vaccination,  and  was  finally  forbidden  by  law  in  1840. 

Vaccination,  introduced  by  Jenner  in  1796,  gra- 
dually superseded  inoculation  during  the  earlier  part 
of  the  last  century.  It  was  provided  gratuitously  by 
the  first  Vaccination  Act  of  1840,  made  compulsory  in 
1854,  and  systematically  enforced  by  paid  vaccination 
officers  from  the  time  of  the  pandemic  in  1871.  Under 
the  Act  of  1898  more  latitude  has  been  allowed  to 
the  conscientious  objector. 

The  following  table  presents  a  return  of  small- 
pox mortality  before  and  after  vaccination  periods  : — 


Porioil 

Period 

Mean  annual  small- 
pox mortality  per  1,000. 

before 
vaccination. 

after 
vaccination. 

Locality. 

Before 
vaccina- 
tion. 

After 
vaccina- 
tion. 

1777-1806 

1777-1800 

1781 -180.5 
1774-1801 
1751-1800 

1807-1850 

1807-1850  1 

]810-18,';0 
1810-18.00 
1801-1850 

Lower  Austria 
Upper  Austria 
anil  Salzbiu's 
Berlin 
Sweden 
Copenliageu 

2-  48 

I  1-42 
) 

3-  44 

2-  0o 

3-  13 

0-34 

0-50 

0-18 
0-16 
0-29 

Although  such  figures  present  striking  evidence 
of  the  general  effect  of  vaccination  upon  mortality, 
it  is  neces.sary  to  examine  the  particular  effect  as 
illustrated  in  the  age  incidence  both  of  mortality 
rate  and  attack  rate.    The  first  table  is  as  follows  : — 
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Death-Rates  from  Small-Pox,  per  1,000  living  at  each 

Age-Period.* 


All 
Ages. 

0-5. 

5-10. 

10-15. 

1 

15-25. 

25-45. 

UVQl 

45. 

1847-1853.  ^ 
Vaccination  j 
gratuitous  }■ 
but  op-  1 
tioual  ,    .  J 

0-305 

1-617 

0-337 

0-094 

0-109 

0-066 

0-022 

1854-1871. 
Vaccination  | 
compulsory  I 
but    n  0  t 1 
efficiently  | 
enforced    .  J 

0-223 

0-817 

0-243 

0-088 

0-103 

0-131 

0-052 

1872-1891.  ^ 
Vaccination  s 
enforced   .  J 

0-089 

0-177 

0-005 

0-054 

0-097 

0-086 

0-038 

This  table  shows  that  each  extension  of  vaccina- 
tion was  attended  with  a  reduction  in  the  small-pox 
mortality,  in  which,  however,  the  different  ages 
by  no  means  shared  equally.  The  reduction  was 
greatest  at  the  ages  of  highest  mortality — that  is, 
among  children  under  10  years  of  age — while  at 
ages  over  15  the  change  was  comparatively  slight. 
In  the  third  period  the  latter  no  longer  included, 
as  in  former  generations,  a  large  proportion  pro- 
tected by  non-fatal  attacks  of  small-pox  under- 
gone in  early  life,  and  on  the  other  hand  the 
protection  due  to  infantile  vaccination  had  had 
time  to  fade.  Moreover,  even  unvaccinated  persons 
had,  under  the  new  conditions,  a  better  chance  of 
escaping  small-pox  until  adult  life.  The  enormous 
reduction  in  mortality  among  young  children  whose 
vaccination  was  recent  speaks  for  itself,  and  it  must 
not  be  forgotten  that  the  mortality  at  ages  under 
5  years  occurs  among  the  unvaccinated  residuum, 

*  Reg.-Gen.  43rd  Ann.  Rep. ;  and  Fcstei-,  Brilisli  Medical  Journal,  i., 
1893,  p.  1009.   The  ages  were  not  abstracted  before  1847. 
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the  vaccinated  being  practically  exempt,  as  will  be 
seen  presently. 

Other  illustrations  of  the  great  change  in  the 
age  incidence  of  small-pox  may  be  given.  At 
Kilmarnock,  from  1728  to  1764,  there  were  622  deaths 
from  small-pox,  of  which  563,  or  90  per  cent.,  were  at 
ages  below  5  years.  The  corresponding  proportion 
in  England  from  1871  to  1880  was  30  per  cent. 
Buchanan"*^  gives  further  instances  in  the  following 
table,  with  an  analysis  of  the  age-incidence  of  small- 
pox mortality  in  London  in  1884  upon  the  vac- 
cinated and  unvaccinated,  separately,  from  which  it  is 
manifest  that  the  old  conditions  remained  unchanged 
among  the  unvaccinated,  except  that  the  protection 
which  the  rest  of  the  community  had  acquired  lessened 
the  probability  of  exposure  to  infection  : — 


Contribution  of  Vauious  Ages  to  100  Small-Pox  Dp:aths 

AT  All  Ages. 


-1700. 

lO 

,  1848-51. 

London,  1884. 

o 

<a 

lO 
rH 

i— ■  i-i 

5 

1 

CO 

-a 

a; 

>. 

> 

s 

aT 

3 
fa 

c 
o 

o 

1-1 

A 

^■d 

> 

cS 

'3 

> 

Whol 
comniui 

0-10  ypars 
10-20  „ 
20-30  „ 
30-40  ,, 
Over  40  ,, 

90-1 
2-6 
1-D 

j-  0-3 

98-8 

o-.o 

0-7 

39-7 
13-3 
32-9 
11-0 
3-1 

81-5 
5-9 
8-3 
3-2 
1-1 

61-2 

14-6 
10-8 
7-2 
6-2 

8-6 
17-3 
31-9 
22-1 
20-1 

34-3 
17-0 
21-3 
14-2 
13-2 

100-0 

100-0 

100-0 

100-0 

100-0 

100-0 

100  0 

An  analysis  of  the  returns  of  the  5,683  small-pox 
deaths  in  London  during  the  ten  years  1879-88,  as 


*_lleport  of  tjie  Medical  Officer  to  the  L,G.B.  for  1884. 
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given  by  the  Registrai'-General,  yields  the  following 
reisults : — 


Aqer. 

Of  1,406 
stated  to  Vie 
vaccinated. 

Of  2,265 
stated  to 

(Jc  UIV' 

vaccinated. 

Of  2,012 
vaccination 
not  stated. 

Of  tlie  total 
5,683,  irre- 

hpecLivt;  UL 

vaccination. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

0  to  10  years    . . 

8-4 

56-0 

35-0 

36-8 

10  to  20  years    . . 

10-0 

17-2 

14-7 

16-0 

Over  20  years   . . 

75-6 

26 -S 

50-3 

47-2 

Confirmatory  evidence,  if  any  be  needed,  is  afforded 
by  Barry  in  reference  to  the  Sheffield  epidemic  of 
1887-8  :— 


Sheffield,  1887-8.— Small-Pox  Attacks  and  Deaths  (peu 
1,000  Persons  of  Each  Class  stated). 


0-10  years  . 
Ditto,  living 
houses 
Over  10  years 
Ditto,  living 
houaes 
All  ages 
Ditto,  living 
Iwiises 


in  invaded  ) 

in  invaded  ] 

.  . 

in  invaded  | 


Attack-rate. 

Death-rate. 

Vaccin- 
ated. 

Unvac- 
cinat  ed. 

Vaccin- 
ated. 

Unvac- 
cinated. 

101 

0-1 

44 

78 

869 

1 

381 

10 

94 

1 

51 

281 

086 

14 

371 

15-5 

97 

0-7 

4S 

230 

750 

11 

372 

From  these  statistics  it  appears  that  the  vacci- 
nated part  of  the  population  had,  as  compared  with 
the  nnvaccinated,  at  ages  below  10  years,  ii  20-told 
immunity  from  attack,  and  480-fold  security  against 
death  from  small-pox ;  at  ages  above  10  years, 
5-fold  immunity  from  attack,  and  51-fold  secuii t> 
against  death  from  small-pox  :  at  "  all  ages,  a  G-fold 
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immunity  from  attack,  and  a  64-fold  security  against 
death  from  small-pox. 


Sheffield  Hospitals,  1887-8.  Proportion  of  mild  ("  varioloid  "  and 
"discrete^')  and  severe  {"coherent^'  and  "  confluent")  cases 
per  100  attacks  among  persons  of  each  class  stated.  (Barry.) 


Vaccinated. 

Un  vaccinated. 

Mild. 

Severe. 

-  Mild. 

Severe. 

0-10  years  .... 

91-0 

9-0 

21-8 

V8-2 

All  ages  

82-8 

17-2 

lS-5 

81-5 

As  regards  London,  the  proportion  of  small-pox 
deaths  to  deaths  from  all  causes  is  available  as  a  mea- 
sure of  the  prevalence  of  the  disease  before  and  after  the 
introduction  of  vaccination,  which  came  gradually  into 
operation  at  the  beginning  of  the  nineteenth  century. 
From  the  "  bills  of  mortality  "  it  appears  that  during 
the  thirty-one  years  1770-1800  small-pox  caused  59,253 
out  of  the  626,530  deaths  in  London,  or  9-4  per  cent. 
In  the  thirty-one  years  1801-31  the  proportion  was 
4-6  per  cent.  From  1832  to  1837  no  returns  are 
obtainable  ;  but  for  the  thirty-one  years  1838  to  1868 
the  proportion  was  1-4  per  cent.  Even  in  1871,  when 
the  pandemic  wave  reached  London,  the  deaths  from 
small-pox  were  only  9-8  per  cent,  of  the  total  deaths, 
a  proportion  very  little  in  excess  of  the  average  which 
prevailed  between  1770  and  1800. 

Thus  it  will  be  seen  that  the  greater  susceptibility 
of  the  unvaccinated  to  the  small-pox  virus  is  mani- 
fested not  only  in  a  greater  liability  to  attack,  but  in  a 
higher  case  mortality. 

It  may  be  convenient  to  summarize  the  evidence  as 
follows  : — 

A.  As  regards  vaccinated  and  unvaccinated  populations  respec- 
tively.—{I)  In  pre-vaccination  times  the  heaviest  incidence 
of  small-pox  was  upon  childhood.    (2)  In  the  unvaccinated 
z 
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part  of  the  community  it  is  so  still.  (3)  Among  vaccinated 
persons  childhood  is  exempt,  and  small-pox  is  only  fatal  in 
later  years,  when  the  protective  influence  of  vaccination  has 
faded.  (4)  In  a  mixed  community  (vaccinated  and  unvacci- 
nated)  both  these  effects  are  apparent,  the  heavier  incidence 
upon  the  un vaccinated  compensating  for  their  scanty  numbers. 
(5)  The  immunity  at  early  ages  among  the  vaccinated  maj'  be 
extended  indefinitely  by  re-vaccination.  (6)  In  every  epidemic, 
in  every  community,  and  in  every  year — if  the  numbers  are 
sufficiently  large  to  preclude  fallacy — the  unvaccinated  suffer 
more  attacks  in  proportion  to  their  numbers  than  the  vaccinated, 
and  (7)  a  larger  percentage  of  the  attacks  are  fatal.  (8)  Among 
the  vaccinated  who  suffer  from  small-pox  in  later  years,  the 
proportion  of  fatal  to  non-fatal  attacks  diminishes  as  the 
number  or  area  of  the  cicatrices  increases. 

li.  As  regards  entire  populatiotis. — (9)  The  introduction  of 
vaccination  has  in  all  cases  been  followed  by  a  lowered  average 
incidence  of  small-pox.  (10)  Each  extension  of  compulsory 
vaccination  has  led  to  a  further  reduction.  (11)  Compulsoi-y 
re-vaccination  has  almost  entirely  suppi-essed  small-pox. 

The  character  and  area  of  the  vaccination. — 
The  quality  of  vaccination  also — that  is,  the  num- 
bei',  area,  and  character  of  the  cicatrices — has  an  im- 
portant bearing  upon  the  degree  and  permanence  of 
the  protection  afforded.  Both  of  these  points  conie 
out  clearly  in  all  large  hospital  statistics,  of  which 
the  following  two  examples  will  suffice : — 

Case  mortality  in  relation  to  qualiti/  of  vaccination  and  to  age, 
based  upon  an  analysis  of  10,403  cases  in  Metropolitan  Small- 
pox Sospitals.  (Gayton.) 


Ages. 


Vacciriated. 
Good  marks. 


Vaccinated. 
Imperfect 
marks. 


0-5 

5-10 
10-20 
20-40 
Over  40 


Caflo 

Cases,   Deaths,  Mort- 
ality. 

51     0  0-0 

267     2  0-7 
1,045    17     1  6 
725   37  5-1 
48     6  12-6 


Case 

Cases.     Doaiha,  Mort^ 
alUy. 

182     21  11-6 
714     48  6-7 
1,976    98  5-0 
1,898  258  13-6 
266     51  19-2 


4,854  455  9 


Said  to  be 
vaccinated. 
No  marks. 


Case 

Cases.    Deatha  Mort- 
ality, 

128  47  36-7 
325     87  26-8 

419  81  19-5 

420  140  33-3 
131     44  33-8 


1,295    352  27 


Unvacciuated. 


Case 

Cases.      Deaths.  Mort- 
ality. 

677    383  66-0 
1,187    563  47-4 
521    160  30-7 
382    181  47-4 
79      34   43  0 


2,169   938  43 


All  ages  2,085  62 
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Case  mortality  in  relation  to  number  of  vaccine  cicatrices.  (Marson.) 

Case  mortality 
(per  cent.). 

Unvaccinated  

Stated  to  be  vaccinated,  but  without  cicatrices 

Having  one  cicatrix  

Having  two  cicatrices  ..... 

Having  three  cicatrices  

Having  four  or  more  cicatrices 


35i 
2l| 

2 

H 

n 


Vaccination  is  protective  against  itself  as  well  as 
against  small-pox.  Any  number  of  "  insertions  "  may 
be  made  at  the  time  of  vaccination.  Whether  one 
vesicle  is  produced  or  a  dozen,  the  protection  is  ab- 
solute for  the  time  being,  but  all  experience  goes  to 
show  that  the  duration  of  the  protection  is  limited 
and  is  directly  proportionate  to  the  number  and  area 
of  cicatrices  produced.  Hence  it  is  desirable  to  vacci- 
nate in  at  least  four  places,  and  the  total  area  of  the 
cicatrices  should  not  be  less  than  half  a  square  inch. 
The  return  of  the  Metropolitan  Asylums  Board  for 
the  small-pox  epidemic  in  London,  1901-2,  respectino- 
this  point,  is  given  here,  and  a  study  of  it  will  ampl? 
prove  the  claim  made. 


Vaccinated  cases — 


r 


o 

C4 


Half  square   inch  and  up- 
wards 

One  third  but  less  than  half 

square  inch 
Less  than  one-third  square 

inch  .... 
Not  recorded  ... 


Totals  of  vaccinated  class  , 
Unknown  and  doubtful  class  . 
Unvaccinated  class  . 


10-1.5 
39-22 
33-06 
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Re-vaccination — As  the  protective  influence  of  the 
primary  vaccination  fades,  a  time  arrives  when  re- vac- 
cination becomes  possible.  Comparatively  few  persons 
are  insusceptible  to  re- vaccination  after  the  lapse  often 
or  twelve  years  ;  many  "  take "  readily  within  five 
years,  although  the  primary  cicatrices  may  be  good. 
The  course  of  re-vaccination  in  the  majority  of  persons 
is  different  from  that  of  the  primary  operation,  being 
more  rapid,  and  often  failing  to  exhibit  some  of  the 
typical  stages.  If,  however,  the  former  protection 
has  entirely  disappeared,  the  course  of  re-vaccination 
may  be  identical  with  that  of  a  primary  vaccination. 

Re -vaccination  renews  in  all  respects  the  immunity 
o-iven  by  primary  vaccination.  As  regards  entire 
populations,  the  results  of  general,  if  not  universal, 
re-vaccination  are  shown  in  the  following  figures, 
taken  from  the  report  of  the  German  Vaccination 
Commission  of  1884.  After  the  pandemic  of  1870- 
74,  re-vaccination  was  made  compulsory  in  Germany 
only,  and  small-pox  has  never  become  seriously  epidemic 
during  the  years  that  have  since  elapsed ;  while  in 
other  countries  the  incidence  continued  much  as  m 
the  period  before  1870. 


Small-Pox  Death-Eates. 


Austria. 


Prussia.* 


Berliu.* 


Hamburg.  * 


London. 


Paris. 


Vienna. 


1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 


0-30 

0-  39 

1-  90 
3-23 
1-78 
0-58 
0-39 
0-53 
0-(51 
0-51 
0-t)4 
0-83 


0-175 
2-432 
2-624 
0-337 
0-095 
0-036 
0-031 
0-003 
0-007 
0-013 
0-026 
0-036 


0-  22 
6-32 

1-  38 
0-11 
0-024 
0-051 
0018 
0-004 
0-007 
0-007 
0-008 
0-047 


0-25 
10-75 
0-95 
0-008 
0-005 
0-000 
0-018 
0-012 
0-002 
0-000 
0-000 
0-022 


0-01 
0-20 
0-70 
0-38 
0-12 
0-12 
0-61 


0-30 
2-42 
0-53 
0-04 


0'02 


0-06 
0-01 
0-02 
0-13 
0-20 
0-07 
0-04 

0-  45 

1-  09 
0-49 


0-46 

0-  74 
5-36 
2-28 

1-  35 
1  13 
1-67 
0-84 
0-75 
0-46 

0-  73 

1- 23 


*  Italic  ligures  arc  inserted  for 
vaccination  was  in  force. 


the  years  in  -svliicli  compulsory  re- 
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The  German  Vaccination  Law  was  passed  in  1874 
compelling  vaccination  and  re-vaccination.  Infants 
must  be  vaccinated  before  the  end  of  the  calendar 
year  following  the  year  of  birth,  and  all  children 
must  be  re- vaccinated  in  their  twelfth  year.  Obedience 
to  this  law  is  enforced  by  fine  or  imprisonment.  So 
completely  is  this  system  worked,  that  there  is  less 
need  for  the  strict  isolation  of  small-pox  than  in 
England.  For  instance,  in  Germany,  the  rare  cases 
of  small-pox  are  placed  in  pavilions  of  general  hospitals, 
not  in  separate  small-pox  hospitals.  The  population 
of  Germany  a  few  yeai\s  ago  was  56  millions,  and  from 
1891  to  1902  inclusive,  there  were  607  deaths 
recorded  as  due  to  small-pox.  The  small-pox  deaths 
duinng  the  same  period  in  England  and  Wales 
(population  32  millions)  were  6,761.  If  the  ratio  had 
been  the  same  in  England  as  in  Germany,  there 
would  have  been  only  350  deaths. 

Barry  shows  that  in  the  SheflSeld  epidemic  the  re- 
vaccinated  had  a  great  advantage  over  the  rest.  Of 
8,198  persons  re- vaccinated  prior  to  the  epidemic,  25 
were  attacked  and  1  died,  the  attack-rate  being  there- 
fore 3  per  1,000,  and  the  death-rate  0-1.  Among 
56,233  persons  re-vaccinated  during  1887-8,  2  were 
doubtfully  attacked  and  none  died. 

The  practice  of  Vaccination.— The  vaccine  virus 
IS  that  of  cow-pox  or  vaccinia,  a  disease  formerly  pre- 
valent among  cattle,  but  now  rarely  met  with.  It 
occurs  in  the  form  of  vesicles  upon  the  teats  and 
udder  in  cows.  The  virus  is  inoculable  upon  human 
beings  as  well  as  cows,  and  this  inoculation  consti- 
tutes vaccination.  Goats  also  are  susceptible.  No 
person  is  insusceptible  except  as  the  result  of  previous 
vaccination,  or  an  attack  of  small-pox. 

.Tenner  believed  that  vaccinia  was  small-pox  modified  bv 
transmission  through  the  cow,  a  form  of  attenuation  very 
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similar  to  that  which  we  now  know  to  he  possible  as  regards 
many  other  diseases.  Cow-pox,  formerly  common,  has  hecome 
rare  among  cattle  coincidently  with  the  reduction  in  human 
small-pox  due  to  vaccination.  The  seat  of  the  eruption  was 
the  teats  and  udders  of  cows,  a  limitation  that  suggests  contact 
with  the  hands  of  milkers  as  a  means  of  inoculation.  It  is 
difficult  to  inoculate  cows  with  small-pox,  hut  in  one  form 
or  another  it  has  been  achieved  by  Ceely,  Badcock,  Voigt  and 
Ghaveau,  i-esulting  in  various  forms  of  cow-pox. 

Primary  vaccination  in  the  human  subject  is 
followed  on  the  third  day  by  a  paj^ule,  which  on  the 
fifth  or  sixth  day  is  vesicular.  On  the  eighth  day  the 
vesicle  is  mature  ;  it  is  greyish,  elevated,  tense,  locu- 
lated,  and  contains  a  clear  viscid  lymph  which  exudes 
when  the  vesicle  is  pricked.  On  the  ninth  day  in- 
flammatory changes  set  in ;  the  lymph  begins  to  con- 
tain pus,  and  a  reddish  "  areola  "  surrounds  the  vesicle. 
Slight  constitutional  symptoms  are  common  at  this 
stage.  The  vesicle  becomes  a  pustule,  begins  to  dry 
up  about  the  tenth  day,  and  forms  a  dark  scab  about 
the  fourteenth.  The  scab  falls  off  in  the  fourth 
week,  leaving  a  permanent  scar  which  should  be 
depressed  and  pitted. 

Vaccination  by  human  vaccine  may  be  carried 
on  from  arm  to  arm  for  an  indefinite  number  of 
years  without  having  recourse  to  the  cow  again.  The 
lymph  should  always  be  taken  on  the  eighth  day  (that 
is,  exactly  a  week  after  the  vaccination)  from  normal 
and  unbroken  vesicles.  No  lymph  should  be  collected 
after  a  re  vaccination,  or  from  an  unhealthy  subject, 
or  from  vesicles  showing  any  sign  of  inflammatory 
action.  By  far  the  surest  plan  is  to  vaccinate  directly 
from  the  vesicle,  but  the  lymph  may  be  sealed  in 
capillary  tubes  or  dried  upon  ivory  points,  and  retains 
much  of  its  efficacy  for  a  considerable  time. 

Vaccination  by  calf-lymph  is  now  in  use  upon  a 
large  scale,  owing  partly  to  a  popular  suspicion 
that  the  current  arm-to-arra  vaccination  is  losing  its 
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power,  but  chiefly  to  the  fear  of  the  virus  of  syphilis 
or  other  malady  being  inoculated  with  the  lymph  from 
diseased  human  subjects.  There  appears  to  be  no 
difference  either  in  the  course  of  the  symptoms  or  in 
results  between  ordinary  arm-to-arm  vaccination  and 
vaccination  from  the  calf.* 

Protection  of  vaccination.— The  incubation  of 
vaccinia  being  shorter  than  that  of  small-pox,  it  is 
possible  to  modify  or  even  entirely  prevent  an  attack 
of  small-pox  by  vaccination  performed  some  days  after 
infection.  This  is  especially  the  case  with  re-vac- 
cination, the  incubation  of  which  is  often  shorter  than 
in  primary  vaccination. 

Successful  vaccination  within  three  days  after  ex- 
posure to  infection  will  prevent  the  appearance  of 
symptoms,  and  it  is  probable  that  the  attack  will 
either  be  arrested  or  modified  by  vaccination  as  late  as 
the  fifth  or  even  sixth  day.  The  proof  of  this  rests 
upon  the  observation  that  attacks  of  small-pox  may, 
and  do,  occur  within  six  days  of  vaccination  in  persons 
who  have  been  many  days  previously  exposed  to 
infection,  but  the  few  attacks  that  occur  between 
six  and  nine  days  after  successful  vaccination  are  mild, 
and  practically  none   commence  later.     The  usual 

ti,..!+^^^-''''"^"'!f  ca//%mp/!,  is  now  prepared  as  follows:  A  calf  aged 
three  to  SIX  months,  ,s  kept  in  quarantine  for  a  week.  If  then  found  unon 
exammation  to  be  quite  healthy,  it  is  removed  to  th^  vaccinatinrstatfo? 
and  the  lower  part  of  its  abdomen  antiseptically  cleaned  The  SnimaUs 
now  vaccinated  upon  this  sterilized  area"^  with  glycerinated  canZnph 
After  live  days  the  part  is  again  thoroughly  washed,  and  the  contents  of 
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incubation  period  of  small-pox,  it  will  be  remem- 
bered, is  twelve  days. 

The  Royal  Commission  on  Vaccination,  1896, 
concluded  that  the  protection  vaccination  affords 
against  small-pox  may  be  stated  as  follows : — 

"(1)  That  it  diminishes  the  liability  to  be  attacked 
by  the  disease.  (2)  That  it  modifies  the  character  of 
the  disease  and  renders  it  less  fatal  and  of  a  less  severe 
type.  (3)  That  the  protection  it  affords  against 
attacks  of  the  disease  is  greatest  during  the  years  im- 
mediately succeeding  the  operation  of  vaccination.  It 
is  impossible  to  fix  with  precision  the  length  of  this 
period  of  highest  protection.  Though  not  in  all  cases 
the  same,  if  a  period  is  to  be  fixed,  it  might,  we  think, 
fairly  be  said  to  cover  in  general  a  period  of  nine  or 
ten  years,  (4)  That  after  the  lapse  of  the  period  of 
highest  protective  potency,  the  efficacy  of  vaccination 
to  protect  against  attack  rapidly  diminishes,  but  that 
it  is  still  considerable  in  the  next  quinquennium,  and 
possibly  never  altogether  ceases.  (5)  That  its  power 
to  modify  the  character  of  the  disease  is  also  greatest 
in  the  period  in  which  its  power  to  protect  from  attack 
is  greatest,  but  that  its  power  thus  to  modify  the 
disease  does  not  diminish  as  rapidly  as  its  protective 
influence  against  attacks,  and  its  efficacy  during  the 
later  periods  of  life  to  modify  the  disease  is  still  very 
considerable.  (6)  That  re- vaccination  restores  the  pro- 
tection which  lapse  of  time  has  diminished,  but  the 
evidence  shows  that  this  protection  again  diminishes, 
and  that  to  ensure  the  highest  degree  of  protection 
which  vaccination  can  give  the  operation  should  be  at 
intervals  repeated.  (7)  That  the  beneficial  effects  of 
vaccination  are  most  experienced  by  those  in  whose 
case  it  has  been  most  thorough.  We  think  it  may 
be  fairly  concluded  that  where  the  vaccine  matter  is 
inserted  in  three  or  four  places  it  is  more  effectual 
than  when  introduced  into  one  or  two  places  only,  and 
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that  if  the  vaccination  marks  are  of  an  area  of  half  a 
square  inch  they  indicate  a  better  state  of  pi'otection 
than  if  their  area  be  at  all  considerably  below  this." 

The  Vaccination  Acts  of  1867,  1871,  and  1874 
have  been  modified  by  that  of  1898.  In  general,  a 
child  must  be  vaccinated  within  six  months  of  birth. 
The  parent  is  relieved  from  obligation  if  within  four 
months  after  the  child  is  born  he  satisfies  a  magis- 
trate that  he  conscientiously  believes  that  vaccination 
would  be  prejudicial  to  its  health.*  And  even  in  the 
absence  of  such  an  exemption,  an  order  under  the  1867 
Act  directing  that  a  child  be  vaccinated  cannot  be 
made  upon  any  person  who  has  previously  been  con- 
victed of  non-compliance  with  a  similar  order  relating 
to  the  same  child.  It  is  the  duty  of  the  public 
vaccinator,  if  the  parent  so  requires,  to  attend  the 
child  at  its  home.  If  a  child  is  not  vaccinated 
within  four  months  of  its  birth,  tlie  public  vaccinator 
is  to  visit  the  home,  after  giving  at  least  twenty-four 
hours'  notice,  and  ofier  to  vaccinate  with  glycerinated 
calf-lymph  or  such  other  lymph  as  the  L.G-.B.  niay 
provide.  In  either  case,  if  he  finds  that  owing  to 
the  condition  of  the  house,  or  recent  prevalence  of 
infectious  disease  in  the  district,  the  operation  cannot 
safely  be  performed,  he  is  not  to  vaccinate,  but  must 
give  a  certificate  of  postponement,  and  inform  the 
M.O.H.t 

Public  vaccinators  are  to  use  only  glycerinated 
calf-lymph,  or  other  lymph  supplied  by  the  L.G.B., 

'  The  Vaccination  Act,  1907,  provides  for  this  claim  to  be  made  as  a 
statutory  declaration  by  the  parent  to  the  vaccination  officer. 

t  The  L.G.B.  direct  that,  "except  so  far  as  any  immediate  danger 
ot  small-pox  may  require,  the  public  vaccinator  must  vaccinate  only 
subjects  who  are  in  good  health.  As  regards  infants,  he  must  ascertain 
that  there  is  not  any  febrile  state,  nor  any  irritation  of  the  bowels,  nor  any 
unhealthy  state  of  tlie  skin,  especially  no  chafing  or  eczema  behind  the  ears 
or  m  the  groin,  or  elsewhere  in  folds  of  sl<in.  He  must  not,  except  of 
necessity,  vaccinate  in  cases  where  there  has  been  recent  exposure  to  the 
intection  of  diseases  sucli  as  measles,  scarlatina,  or  diphtheria,  nor  where 
erysi]»clas  is  prevailing  in  or  about  the  place  of  residence." 
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and  must  keep  registers  from  which  the  origin  of  tlie 
lymph  used  in  each  operation  can  be  identified.  The 
Instructions  require  the  greatest  care  as  to  cleanliness 
and  sterilization  of  instruments  used,  and  aseptic 
precautions  at  all  stages.  "The  public  vaccinator 
must  aim  at  producing  four  separate  good-sized 
vesicles  or  groups  of  vesicles,  not  less  than  half  an 
inch  from  one  another.  The  total  area  of  vesiculation 
resulting  from  the  vaccination  should  not  be  less  than 
half  a  square  inch." 

The  L.G.B.,  in  the  event  of  serious  risk  of  out- 
break of  small-pox  or  other  exceptional  circumstances, 
may  require  the  Guardians  to  provide  vaccination 
stations,  and  may  temporarily  and  locally  modify 
the  obligation  upon  the  public  vaccinator  to  visit 
otherwise  than  by  request.  Any  S.A.  maintaining 
a  hospital  for  small-pox  must  keep  a  register  of 
patients,  showing  name,  age,  address,  and  condition 
as  to  vaccination.  The  entries  are  to  be  made  at  the 
time  of  admission,  and  the  register  is  to  be  accessible 
to  the  public. 

A  child  must  be  vaccinated  within  six  months  of 
its  birth  unless  (a)  the  parent  obtains  a  magistrate's 
certificate  of  exemption,  or  (b)  the  child  dies,  or  (c)  is 
attacked  by  small-pox  within  that  period,  or  (d)  three 
or  more  unsuccessful  attemj^ts  at  vaccination  have 
been  made,*  or  (e)  a  medical  certificate  of  postpone- 
ment (for  not  more  than  two  months  at  a  time)  is 
given  on  the  ground  of  ill-health,  or  of  recent 
prevalence  of  infectious  disease  in  the  district,  or  of 
the  condition  of  the  house  in  which  the  child  resides. 
Certificates  of  successful  vaccination,  or  attack  of 
small-pox,  or  of  insusceptibility  to  vaccination,  or 
postponement  of  vaccination,  can  be  given  by  any 
registei'ed  practitioner. 

*  In  this  event  insusceptibility  is  inferred  ;  but  out  of  38,000  primary 
vaccinations  Cory  failed  in  only  one  instance,  and  in  that  one  he  had  no 
opportunity  of  making  a  third  attempt. 
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Re-vaccination  is  entirely  optional,  but  persons 
over  twelve  years  of  age  are  re-vaccinated  gratuitously 
by  the  public  vaccinator,  and  if  there  is  immediate 
danger  of  small-pox,  the  age-limit  is  reduced  to  ten 
years. 

The  administration  of  the  Vaccination  Acts, 
subject  to  the  control  of  the  L.G.B.,  is  entrusted  to 
the  Poor  Law  Guardians,  not  to  the  S.A.  as  such. 
Instructions  and  blank  forms  of  certificate  are  issued 
by  the  sub-registrars  to  the  parents  at  the  time  of 
registration  of  birth. 

Varicella  or  chicken-pox  was  only  clearly  distingnished 
from  small-pox  in  the  last  cenfciiry,  but  beyond  a  certain 
superficial  resemblance,  there  is  nothing  in  common  between 
the  two  diseases.  Varicella  occurs  as  an  epidemic,  which  not 
infrequently  coincides  with  small-pox  outbreaks,  and  adds  to 
the  difficulty  of  diagnosis  of  mild  cases  of  the  latter.  Persons 
of  all  ages  are  liable  to  attack,  but  children  more  than  adults. 
The  mortality  is  practically  nil,  a  fatal  result  being  unknown 
except  in  cases  almost  moribund  from  other  causes,  or  in  cases 
of  varicella  gangrenosa.  Nothing  is  known  of  the  conditions 
that  determine  the  appearance  of  this  rare  and  malignant  type 
of  varicella  in  individual  cases  during  an  outbreak  of  ordinary 
character. 

The  latent  interval  is  very  commonly  a  fortnight.  The 
characteristic  vesicular  eruption,  which  may  be  very  j)rofuse 
and  widely  distributed,  is  thickest  upon  the  back  and  shoulders. 
The  vesicles  are  not  usually  umbilicated,  although  this  is  not 
a  reliable  point  for  diagnostic  purposes,  and  among  them  are 
some  that  are  aptly  compared  to  drops  of  scalding  water  upon 
the  skin,  there  being  no  induration  around  them.  At  other 
times  variceUa  spots  simulate  small-pox  more  closely,  but  there 
IS  almost  always  a  want  of  uniformity  in  size,  appearance,  and 
stage  of  development.  The  premonitory  symptoms  (vomiting, 
backache,  anorexia,  etc.)  that  accompany  the  onset  of  small- 
pox only,  the  distribution  and  appearance  of  the  rash  the 
relation  to  vaccination,  and  the  history  of  exposure  to  one  or 
other  kind  of  infection  will  seldom  fail  to  make  the  diaonosis 
clear.  ° 

•  '^he  infection  of  varicella  is  active  from  the  first  onset,  and 
IS  readily  imparted  by  contact  or  by  means  of  fomites  The 
mode  in  which  it  is  given  off  is  unknown,  but  the  breath  is  the 


396 


SPECIFIC  DISEASES 


[chap. 


most  probable.  Attempts  have  been  made  to  inoculate  from 
the  vesicle,  but  without  success.    Second  attacks  are  rare. 

A  quarantine  of  eighteen  days  is  sufficient  after  exposure  to 
infection  ;  after  an  attack,  isolation  should  be  kept  up  until  all 
scabs  have  disappeared.  In  times  of  small-pox  epidemic  the 
L.Q-.B.  or  the  county  council  or  S.  A.  may  make  chicken-pox 
temporarily  notifiable  in  order  thereby  to  bring  to  light  cases 
of  small-pox  simulating  varicella. 

Measles  became  clearly  differentiated  from  small- 
pox and  scarlet-fever  in  the  seventeenth  century. 
No  country  or  race  appears  to  be  exempt  from  it, 
and  it  has  no  demonstrated  relation  to  climate.  Some 
dependence  upon  meteorological  conditions  may  be 
inferred  fi'om  the  fact  that  the  colder  months,  even  in 
the  tropics,  are  favourable  to  the  rise  and  spread  of 
measles  epidemics.  In  London  the  seasonal  curve 
of  mortality  shows  two  maxima,  a  pi'incipal  one  in 
December  and  a  lesser  one  in  June,  the  minima 
occurring  in  February  and  September.*  The  inOuence 
of  age  as  regards  liability  to  attack  has  not  been 
worked  out,  but  the  mortality  from  measles  is 
greatest  in  the  second  year  of  life,  and  rapidly  falls 
in  every  succeeding  year.  Sixty  per  cent,  of  the 
deaths  occur  during  the  first  two  years  of  age,  75  per 
cent,  in  the  first  three,  and  ujDwards  of  90  per  cent, 
under  five  years.  Thompson  has  shown  that  from 
5 — 10  years  of  age  the  attack  rate  is  62  per  1,000. 
living,  the  death  rate  O'T  per  1,000  living,  and  the 
fatality  rate  11  per  1,000  attacked;  whereas  under 
5  years  of  age  the  attack  rate  is  137  per  1,000 
living,  the  death  rate  .11-6  per  1,000  living,  and  the 
fatality  rate  85  per  1,000  attacked.  The  mortality 
is  greater  among  females  at  all  ages  above  five  years, 
but  greater  among  males  up  to  that  point,  so  that 

*  The  winter  maximum  vanishes  in  many  parts  of  Great  Britain  and  the 
Continent,  particularly  where  the  measles  mortality  is  low,  leaving 
a  simple  curve  with  a  maximum  in  June  and  a  minimum  m  September 
or  October.  {Reg.  Gen.  Ann.  Kept.  foi  1SS4.  See  also  "  Measles  Epidemics 
Major  and  Minor,"  Transactions  of  the  Epidemiological  Society,  1S92-S.) 
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upon  the  whole  the  female  mortality  is  lower  than 
the  male.    It  is  highest  in  urban  districts. 

Measles  epidemics  are  occasionally  so  malignant 
in  type  as  to  have  a  case  mortality  of  30  per  cent,  or 
more,  but  in  such  instances  neglect,  improper  treat- 
ment, or  insanitary  conditions  have  been  largely  re- 
sponsible for  the  result.  The  epidemics  now  met  with 
in  Great  Britain,  though  variable  in  severity  of  type, 
cause  a  case  mortality  that  rarely  exceeds  five  per 
cent.,  and  is  often  not  more  than  one  or  two  per  cent. 
The  fatal  cases  are  as  a  rule  due  to  pulmonary 
complications  or  diarrhoea  rather  than  to  the  primary 
disease  itself,  the  tendency  to  the  one  or  the  other 
complication  being  often  fairly  constant  throughout 
an  epidemic,  but  apparently  independent  of  season 
(Hirsch).  Unlike  scarlet  fever,  measles  often  dis- 
appears almost  entirely  from  a  district  in  the  interval 
between  epidemics.  These  intervals,  however,  are 
usually  short,  and  few  towns  in  England  escape  an 
epidemic  for  much  longer  than  two  or  at  most  three 
years  at  a  time.  Insular  communities  such  as 
Iceland  and  Faroe,  with  little  communication  with  the 
outside  world,  remain  free  for  an  indefinite  number 
of  years  after  the  subsidence  of  an  epidemic,  until 
infection  is  introduced  afresh.  Occasionally  measles, 
like  small-pox,  becomes  "pandemic"  and  diffiises 
itself  for  a  brief  period  over  a  large  part  of  the  globe. 

Measles  is  said  to  have  been  inoculated  by  nasal 
mucus  (Bristowe)  with  an  incubation  of  seven  or  eight 
days.  It  has  no  known  relation  to  soil.  It  does  not 
appear  to  be  transmitted  by  drinking-water,  milk,  or 
other  food,  or  to  have  any  connexion  with  diseases 
of  lower  animals.  "  Insanitary  conditions  "—notably 
overcrowding,  exposure,  and  want  of  food— diminish 
greatly  the  chance  of  recovery,  as  was  found  in  the 
outbreak  among  French  troops  in  the  siege  of  Paris 
when  86  out  of  21.5  (40  per  cent.)  died.    Whether  such 
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conditions  increase  liability  to  attack  is  not  known. 
The  virus  appears  to  be  readily  conveyed  by  the  air, 
probably  for  considerable  distances,  but  of  this  exact 
proof  is  wanting.  Measles  has  not  yet  been  isolated 
upon  the  large  scale,  so  that  the  question  of  the  possi- 
bility of  aerial  spread  of  infection  from  hospitals  has 
not  arisen. 

From  analogy  it  may  be  assumed  that  a  specific 
measles  microbe  exists,  but  none  has  yet  been  satis- 
factorily demonstrated. 

Infection  is  probably  always  acquired  by  inhala- 
tion or  direct  contact.  The  incubation  period  is 
usually  about  twelve  days,  and  is  followed  by  the 
stage  of  invasion  marked  by  pyrexia  and  catarrhal 
symptoms  affecting  chiefly  the  respiratory  tract  and 
the  conjunctiva.  The  rash  appears  on  the  fourth 
day  of  illness,  first  on  the  forehead,  then  becoming 
general.  It  consists  of  dusky  pink,  slightly  elevated 
spots,  which  increase  for  two  or  three  days,  and 
then  slowly  fade.  Slight  scurfy  desquamation 
follows.  Infection  is  given  off  by  the  breath  and 
mucus  from  the  onset  of  the  first  symptoms,  and 
very  jDossibly  even  during  the  stage  of  incubation. 
It  is  not  clear  how  long  this  liability  continues,  nor 
whether  the  desquamated  cuticle  is  infective,  but  the 
usual  rule  is  to  allow  a  quarantine  of  not  less  than 
three  weeks.  An  attack  is  usually  protective  through- 
out life,  and  this  is  probably  the  main  reason  for  the 
comparative  immunity  of  adults,  but  well-authenti- 
cated instances  of  repeated  attacks  in  the  same  person 
are  far  from  infrequent  (2-5  per  cent.). 

Comparing  measles  with  scarlet  fever,  it  is  at  once 
apparent  that  preventive  •measui'es  are  less  likely  to 
be  successful  against  the  former.  Infection  begins  at 
least  three  days  before  the  characteristic  rash  appears, 
and  hence  isolation  is  not  adopted  at  a  sufficiently 
early  date  to  prevent  the  spread  of  the  disease,  so  far 
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as  the  household  is  concerned.  Tlie  long  incubation 
adds  to  the  difficulty  of  quarantine. 

Measles  is  still  alloM^ed  to  run  its  epidemic 
course  practically  unchecked  by  any  serious  attempt 
at  isolation  or  disinfection,  and  it  is,  therefore,  not 
surprising  to  find  that  it  shows  no  signs  of  sharing 
in  the  reduction  of  mortality  which  is  so  con- 
spicuous in  respect  of  scarlet  fever,  enteric  fever, 
and  small-pox.  The  mortality  per  million  in  England 
and  Wales  has  been  thus:  in  1851-60  412-  in 
1861-70,  443;  in  1871-80,  379  ;  in  I881I9O,  441  • 
and  m  1891-1900,  414.  From  1901-1908  it  fell 
to  311.  In  1911  a  severe  epidemic  of  measles 
occurred  in  England  and  Wales  with  a  hioh  mor- 
tality. ® 

It  has  been  customary  in  the  past  to  close  ele- 
mentary schools  during  measles  epidemics.  The 
results  were,  however,  unsatisfactory.  As  a  rule 
measles  spreads  only  in  infant  classes  and  only  when 
30-40  per  cent,  of  the  children  are  unprotected  by 
previous  attack.  By  means  of  "  measles  registers  " 
it  IS  possible  to  determine  the  measles  history  of  a 
class,  and  though  it  is  impracticable  to  prevent  the 
mtroduction  of  the  disease  to  the  school,  it  is  possible 
to  prevent  its  spread  by  closure  or  exclusion  of  un- 
protected children  within  9-10  days  of  the  first 
attendance  of  the  initial  case  in  an  infectious  state, 
it  the  lowest  age  limit  of  school  attendance  were 
fixed  at  5  years  the  control  of  measles  would  become 
more  practicable,  as  children  of  a  susceptible  a^e 
would  not  then  be  brought  so  largely  into  the  sphe?e 
ot  infection.    {See  also  p.  246  ) 

pertussis,  has  been  recog- 
nized m  Europe  for  300  years,  and  has  practically^ 

countieT     T     ?  ""T^"-''  ^^^'^  ^^^^^  hot 

countries.     In   London  its   average  prevalence  is 
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greatest  in  March  and  April,  least  in  September  and 
October,  but  the  seasonal  curve  of  mortality  varies 
greatly  in  different  parts  of  Eu.rope,  and  the  New 
York  curve  has  a  second  and  greater  maximum  in 
September. 

By  far  the  greatest  mortality  occurs  in  the  first 
year  of  life.  Of  the  whole  number  of  deaths  from 
pertussis,  over  40  per  cent,  occur  in  the  first  year, 
nearly  75  per  cent,  under  two  years  of  age,  and  96 
per  cent,  under  five  years.  At  every  age  the  mortality 
among  females  is  greater  than  among  males.  There 
are  no  statistics  sufficient  to  show  the  actual  or  rela- 
tive incidence  of  attacks  at  different  ages,  but  the  vast 
majority  occur  in  children,  although  age  confers  no 
complete  exemption.  Concurrent  epidemics  of  measles 
and  whooping-cough  ai-e  frequent.  Like  measles, 
whooping-cough  is  a  typically  epidemic  disease,  and 
recurs  at  short  but  irregular  intervals  (usually  two 
or  three  years)  in  outbreaks  that  affect  a  very  large 
proportion  of  susceptible  persons.  The  case  mortality 
is  usually  small,  and  probably  seldom  exceeds  5  per 
cent.  The  deaths  are  almost  always  due  to  bron- 
chitis, pneumonia,  convulsions,  or  other  complications. 
Measles  and  whooping-cough  together  are,  as  a  rule, 
responsible  for  more  deaths  of  children  than  all  the 
other  infectious  diseases  put  together. 

Whooping-cough  has  not  been  shown  to  be  trans- 
missible by  water,  milk,  or  other  food,  or  to  affect 
lower  animals,  or  to  have  any  relation  with  telluric 
conditions.  It  is  readily  conveyed  by  fomites.  Faulty 
hygienic  conditions  —  especially  overcrowding  and 
exposure — increase  the  danger  to  life,  but  there  is  no 
proof  that  they  increase  susceptibility.  The  specific 
microbe  has  not  been  isolated,  nor  is  the  disease 
known  to  be  inoculable. 

Whooping-cough  is,  in  all  probability,  alwa3^s 
acquired  by  inhalation  of  the  virus.    The  incubation 
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period  appears  to  be  about  a  fortnight,  but  can  rarely 
be  fixed  definitely  owing  to  the  very  gradual  onset 
of  characteristic  symptoms.  Squire  believed  it  to 
be  less  than  a  week.  After  a  week  or  more  of 
apparently  ordinary  nasal  and  bronchial  catarrh,  the 
characteristic  paroxysmal  cough  sets  in,  and  con- 
tinues for  a  very  variable  period,  which  is  rarely 
less  than  two  weeks  and  may  exceed  two  months. 

Whooping-cough  is  certainly  infectious  in  the 
preliminary  catarrhal  stage,  and  possibly  even  earlier 
than  this.  Isolation  ought  to  be  maintained  until  at 
least  a  week  after  the  spasmodic  cough  has  entirely 
disappeared.  The  infection  is  given  off  in  the  breath 
and  sputa.    Second  attacks  are  very  rare. 

What  has  been  said  as  to  the  prevention  of 
measles  applies  in  all  respects  to  whooping  cough, 
and  with  even  greater  force.  Owing  to  the  absence 
of  rash,  and  the  insidious  onset  of  symptoms,  the 
disease  is  rarely  detected  until  many  days  after  it 
has  reached  the  infectious  sta^e 

,  .  (parotitis)  occurs  in  all  parts  of  the  world  in 

briet  but  often  intense  epidemics,  which  cause  little  or  no 
mortality.  Cold  and  wet  weather  is  the  most  favourable,  and 
outbreaks  usually  occur  in  the  winter  and  spring,  often  in 
concurrence  with  epidemics  of  measles,  or  sometimes  scarlet 
fever.  Mumps  usually  disappears  entirely  from  a  district  at 
the  end  of  the  outbreak  and  there  is  no  appearance  of  periodi- 
city m  its  return,  which  may  be  delayed  for  many  years. 

Nothing  IS  known  of  its  etiology  beyond  its  extreme  in- 
fectiousness by  means  of  the  breath.  Second  attacks  are  very 
rare  i he  characteristic  symptoms,  including  swelling  of  the 
parotid  and  submaxillary  glands,  set  in  after  an  incubation  of 
about  three  weeks  (often  19  days),  and  the  disease  runs  i?s 
course  m  about  a  fortn  ght  more.  Three  weeks  is  sufficient  for 
isolation,  and  four  weeks  for  the  quarantine  of  a  person  who 
has  been  exposed  to  infection.  y^^a^u-  wno 

Kothein,  epidemic  roseola,  or  German  measles 
occasionally  becomes  epidemic  among  children  but 
causes  very  slight  mortality.  An  outbreak  in  the  New 
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Forest  in  1880  was,  however,  said  to  have  been  at- 
tended with  a  case  mortality  of  3  per  cent.  After 
a  latent  period,  often  abovit  2i  weeks  in  length,  slight 
general  symptoms  manifest  themselves  and  are 
followed  immediately,  or  in  a  day  or  two,  by  an 
eruption  of  red,  slightly  elevated  spots,  variable  in 
size  and  often  confluent.  They  appear  first  on  the 
face  and  fore-arms,  increase  and  become  more  or  less 
general  in  one  or  two  days,  and  disappear  before  the 
end  of  a  week.  The  symptoms  have  some  resemblance 
to  those  of  scarlet  fever  and  measles,  especially  the 
latter.  It  is,  however,  an  entirely  distinct  and  in- 
dependent disease,  and  not  a  "hybrid,"  as  is  popularly 
supposed.  The  disease  is  infectious,  but  never  very 
actively  so,  and  isolation  for  a  fortnight  is  sufficient. 
Infection  is  probably  given  off  by  the  breath,  and 
acquired  by  inhalation.  Second  attacks  do  not 
appear  to  be  common.  Quarantine  should  extend  to 
23  days. 

Scarlet  fever,  or  scarlatina,  has  been  recognized 
in  Europe  for  at  least  550  years,  and  in  England 
upwards  of  200  years.  It  was  long  confounded  with 
measles,  and  only  in  the  nineteenth  century  was  it 
definitely  distinguished  from  diphtheria.  It  is  most 
widely  diffused  in  Northern  and  Western  Europe,  and 
in  North  America,  but  has  failed  to  establish  itself' 
firmly  in  Africa  or  any  part  of  Asia,  except  Asia 
Minor.  Temperate  and  somewhat  humid  climates 
seem  to  be  most  favourable  to  it,  but  the  evidence  upon 
this  point  is  conflicting.  In  England  it  is  more  preva- 
lent in  urban  than  in  rural  areas,  mining  districts  and 
several  of  the  large  manufacturing  towns  bemg  most 
affected  of  all.  It  is  probable  that  the  explanation  of 
this  is  to  be  found  in  the  greater  facilities  for  receivnig : 
and  transmitting  infection  from  person  to  person. 
Scarlet  fever  has  a  well-marked  relation  to  season.. 
In  England  the  mortality  is  at  its  minimum  in  March. 
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and  April,  and  rises  to  a  maximum  in  October,  subject 
to  irregularities  if  only  small  numbers  or  short  periods 
are  taken.     In  New  York,  however,  the  curve  is 
almost  reversed,  the  minimum  being  in  September 
and  the  maximum  iii  April.    The  number  of  attacks 
varies  according  to  season  in  the  same  way  as  the  mor- 
tality, but  the  seasonal  range  is  greater  in  the  attack 
curve;  apparently  the  attacks  in  spring  are,  on  the  aver- 
age, more  severe,  though  fewer,  than  those  in  autumn. 

As  to  the  meteorological  conditions  favourable  to 
the  spread  of  scarlet  fever,  there  is  wide  divergence  of 
opmion.  The  rise  and  fall  of  scarlet  fever  epidemics 
otten  cover  a  period  of  years,  and  the  mortality  in  any 
particular  week  or  month  must  not  be  regarded  as 
determined  solely  or  even  principally,  by  the  meteor- 
ology of  that  brief  season.  It  seems  probable  that 
the  tendency  to  spread  is  increased  by  atmospheric 

rZfall  ^""^  "^'"'^"^  ^^^'^^ 

Age.*— Children  under  1  year  of  a^e  onr^ 
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IS  greater  tlian  can  be  accounted  for  either  by  protection 
afForded  bj  previous  attacks,  or  by  diminished  expo- 
sure to  infection. 

There  is,  therefore,  a  double  gain  in  shielding  a 
child  from  infection  during  the  first  few  years  of  his 
life.  Every  year  of  escape  after  the  fifth  leaves  him 
less  and  less  susceptible,  until  finally  he  becomes  al- 
most immune ;  and  secondly,  if  he  should  be  attacked, 
every  year  that  the  attack  is  delayed  reduces  the 
danger  to  life,  and  also  the  risk  of  formidable  compli- 
cations that  may  become  chronic  and  disabling,  even 
if  not  immediately  fatal. 

Females  are,  upon  the  whole,  more  liable  than 
males,  but  the  attacks  are  somewhat  less  fatal,  and 
hence  up  to  10  years  of  age  the  mortality  is  higher 
among  males  than  among  females.  At  ages  above  10 
the  female  deaths  exceed  the  male,  owing,  no  doubt, 
to  the  greater  frequency  of  attack  among  women  who 
have  the  charge  of  childx-en.  The  death-rate  from 
scarlet  fever  in  England  and  Wales  has  steadily 
declined  from  0-97  per  1,000  in  1861-70  to  0-11  in 
1901-9.  This  reduction  has  been  due  not  to  lessened 
prevalence  but  to  lessened  severity.  The  disease  is 
of  milder  type  on  the  whole  than  was  the  case 
40  years  ago. 

Scarlet  fever  is  for  the  most  part  an  epidemic  disease. 
Sometimes  it  will  disappear  entirely  for  years,  or  "sporadic" 
cases  may  occur  without  any  serious  general  prevalence.  In 
certain  manufacturing  towns,  on  the  contrary,  it  may  be  said 
to  be  endemic,  although  subject  to  frequent  epidemic  outbursts. 

Graves  noted  that  scarlet  fever  was  prevalent  and  malignant 
in  Dublin  from  1801  to  1804  ;  during  the  next  27  years 
epidemics  recurred  at  intervals,  but  the  type  was  always  mild 
and  the  mortality  slight ;  in  1834  the  disease  reverted  once 
more  to  the  old  malignant  form,  but  in  the  last  four  decennia 
it  has  been  mild,  with  low  mortality.  Several  instances  are  on 
record  in  which  the  type  has  suddenly  changed  during  an 
epidemic  from  mild  to  severe,  or  vice  versa.  In  some  epidemics 
the  case  mortality  is  as  low  as  3  per  cent.,  or  even  less,  while 
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in  others  it  may  reach  30  per  cent.  As  a  rule  the  cases  a^e 
more  severe  during  the  early  part  of  an  epidemic,  and  among 
children  more  fatal  in  town  than  in  country,  and  more  fatal  to 
hoys  than  girls. 

No  adequate  explanation  has  been  offered  of  the  causes  that 
determine  the  rise  and  fall  of  scarlet  fever  epidemics,  and  still 
less  of  the  causes  of  the  variations  in  type.  Seasonal  changes, 
especially  meteorological,  doubtless  have  an  influence,  but  this 
is  superadded  upon  the  true  epidemic  wave.  During  the  inter- 
epidemic  intervals  the  proportion  of  susceptible  persons  in- 
creases, but  as  regards  ages  above  five  years  the  delay  lessens 
the  susceptibility,  and  it  does  not  appear  that  the  intensity  of 
the  outbreak  bears  any  relation  to  the  length  of  the  previous 
interval. 

Bacteriology.— The  pathogenic  microbe  of  scarlet 
fever,  according  to  Klein  and  Gordon,  is  a  streptococcns 
{Streptococcus  scarlatince  or  conglomeraius),  which  they 
have  isolated  from  the  blood  and  nasal  and  tonsillar 
discharge  of  persons  suflFering  from  the  disease.  These 
observers  have  grown  the  streptococcus  in  broth,  gela- 
tin, agar,  milk,  and  blood  serum,  in  several  of  which 
media  it  gives  a  characteristic  culture.    It  is  pathogenic 
for  mice  and  rabbits.  Gordon  believes  that  both  S.  pyo- 
genes and  S.  scarlatina)  play  a  part  in  the  causation  of 
scarlet  fever,  but  that  S.  scarlatince  is  the  more  im- 
portant of  the  two,  and  occupies  a  position  in  the 
bacteriological   kingdom   between  S.  pyogenes  and 
B.  diphtherice.      Baginsky,  Sommerfeld,  and  Class 
have  also  isolated  streptococci  which  they  believe  to 
be  the  cause  of  scarlet  fever.    They  are  probably  forms 
of  S.  scarlatince.    Klein  further  believes  that  the 
same  organism  was  found   in  cows  suffering  from 
the  Hendon  disease,  also  in  a  sample  of  condensed 
milk  that  apparently  caused  an  outbreak  of  scai-let 
fever,  and  in  the  blood  of  a  monkey  that,  during 
an  epidemic  of  scarlet  fever  at  Wimbledon,  pi-esented 
symptoms  of  the  disease.    It  is  found  in  the  throat 
secretions  of  patients  in  the  acute  stage,  but  not 
in  the  desquamated  cuticle  or  the  urine,  or  in  the 
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ear  discharge  which  occasionally  affects  convalescents. 
It  has,  however,  been  discovered  in  the  nasal  dis- 
charges of  advanced  convalescents,  and  in  the  throat 
secretions  long  after  apparently  complete  recovery. 
This  persistence  may  afford  an  explanation  of  the 
obscure  "  return  cases  "  of  scarlet  fever.  It  should  not, 
however,  be  forgotten  that  a  streptococcus  occurs  in 
the  saliva  of  healthy  persons  {Gordon). 

The  period  of  incubation  is  usually  three  or  four 
days,  but  it  would  appear  that  in  exceptional  cases 
it  may  be  less  than  twenty-four  hours,  or  as  long  as 
seven  days.  Some  authorities  believe  the  usual  incu- 
bation period  to  be  much  longer,  but  Tonge-Smith's 
exact  observations  upon  cases  which,  owing  to  error 
in  diagnosis,  were  exposed  to  infection  during  transit 
to  hospital  in  an  ambulance,  afford  strong  proof  of 
the  accuracy  of  the  estimate  given  above. 

The  onset  in  well-marked  cases  is  sudden,  with 
vomiting,  rigors,  headache,  pyrexia,  and  sore  throat 
as  prominent  symptoms.  The  red  rash  follows  in 
about  24  hours.  It  is  at  first  punctiform,  but 
becomes  diffuse.  It  is  usually  seen  first  about  the 
neck  and  chest,  but  may  spread  over  the  whole 
body.  The  face  usually  remains  clear  of  rash, 
though  it  may  be  flushed,  leaving  a  pale  area 
around  the  mouth.  The  rash  occurs  most  markedly 
on  points  of  pressure  and  at  flexures.  It  increases 
for  one  or  two  days  and  begins  to  decline  in  two  or 
three  days  more.  Desquamation  begins  as  soon  as 
the  rash  disappears,  the  chest  being  the  first  and  the 
hands  and  feet  the  last  parts  to  clear.  True  relapses 
occur  in  one  or  two  per  cent,  of  the  cases,  usually 
about  a  month  after  the  onset. 

Infection  is  given  off  from  the  first  onset 
and  for  a  period  that  is  seldom  less  than  five 
weeks,  and  not  infrequently  exceeds  two  months.  It 
has  been  the  practice  to  isolate  until  every  trace 
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of  desquamation  has  disappeared  from  the  feet, 
and  still  longer  isolation  may  be  necessary  if  any 
symptoms  remain,  such  as  discharges  from  the 
nose  or  ears,  or  albuminuria.  But  it  is  now  not 
unusual  to  discharge  cases  from  hospital  after  six 
weeks'  detention  if  there  are  no  nasal  or  aural  dis- 
charges, regardless  of  desquamation,  the  later  degrees 
of  which  are  probably  non-infectious. 

The  virus  of  scarlet  fever  retains  its  vitality  for 
long  periods,  possibly  years,  under  favourable  condi- 
tions, and  can  be  lodged  in  crevices,  or  carried  in 
garments,  etc. 

By  far  the  commonest  mode  of  infection  is  from  a 
previous  case,  either  by  contact,  by  proximity,  or  by 
means  of  infected  articles.  Whether  the  virus  is 
usually  inhaled  or  swallowed  is  less  certain.  Aerial 
convection  for  short  distances— across  a  room,  for 
example— may  be  assumed,  but  there  is  no  proof  of 
radiation  of  infection  from  scarlet-fever  hospitals, 
bir  Shirley  Murphy  has  shown  that  at  school  ages  noti- 
facations  of  scarlet  fever,  as  of  diphtheria,  are  lessened 
by  holidays.  In  Nottingham  it  was  found  that  far 
tewer  attacks  began  on  Wednesdav  than  on  any 
other  day  of  the  week,  owing  presumably  to  lessened 
opportunity  of  infection  on  Saturday  and  Sunday. 

Nothing  is  definitely  known  as  to  any  relation 
between  soil  and  scarlet  fever.  There  is  no  evidence 
that  dnnkmg-water  can  carry  it,  but  milk  certainly 
can  if _  infected  from  a  human  case  of  scarlet  fever 
and  epidemics  such  as  the  Hendon  outbreak  suggest 
that  the  cow  Itself  may  not  improbably  be  a  source 
ot  infection.    (»S'ee  p.  142.) 

It  is  at  least  doubtful  whether  "insanitary  con- 
ditions   as  to  drainage,  etc.,  have  even  a  predisposing 
nfluence  as  regards  this  disease,  but  it  seems  probable 
that  they  may  seriously  affect  the  chances  of  recovery 
and  promote  septic  complication. 
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It  is  often  held  that  puerperal  women  are  liable 
to  acquire  scarlet  fever  in  a  dangerous  form,  and  that 
under  such  conditions  its  course  may  be  modified 
and  constitute  a  variety  of  puerperal  fever.  In  the 
event  of  infection  under  such  conditions  scarlet  fever 
may  run  a  normal,  and  even  mild,  course. 

Infection  is  given  off  by  the  breath  and  secre- 
tions from  the  nose,  mouth  and  throat ;  and  most 
freely  in  the  earlier  and  acute  stages.  How  far  the 
desquamated  cuticle  is  infective  is  a  matter  of  some 
doubt,  direct  experimental  proof  being  wanting. 

The  preventive  measures  available  are  isolation  and  disin- 
fection. Considerable  difficulty  arises  from  the  long  duration 
of  the  infections  stage,  covering,  as  it  almost  invariably  does,  a 
period  of  at  least  fuur  or  five  weeks  after  the  patient  has 
ceased  to  be  ill.  It  is  practically  impossible,  in  a  working-class 
household,  to  maintain  the  requisite  seclusion,  and  the  com- 
parative freedom  and  better  hygiene  in  hospital  are  conducive 
to  the  patient's  welfare.  Another  source  of  difficulty  is  the 
occurrence  of  slight  cases.  There  may  be  no  noticeable 
symptoms  whatever  beyond  sore  throat,  or  slight  desquamation, 
and  yet  any  case,  however  slight,  is  capable  of  spreading  in- 
fection. On  the  other  hand,  the  short,  and  apparently  non- 
infectious, incubation  period,  and  the  early  appearance  and 
distinctive  characters  of  the  rash  and  other  symptoms,  render 
this  disease  much  more  easy  to  deal  with  than  measles  or 
whooping  cough,  if  proper  facilities  are  afforded.  Schools  are 
often  instrumental  in  spreading  infection,  and  it  may  be  neces- 
sary to  close  them  when  epidemic  prevalence  is  threatened. 
Scholars  from  infected  households  should  be  excluded  for  at 
least  six  weeks,  and  only  re-admitted  upon  a  medical  certifi- 
cate, but  a  quarantine  of  two  weeks  is  sufficient  if  the  persons 
attacked  have  been  removed  to  hospital  and  the  premises  dis- 
infected {see  p.  243).  Special  care  is  needed  in  guarding  milk 
supplies  from  risk  of  direct  or  indii-ect  infection  from  a  case  of 
scarlet  fever,  and  there  should  be  no  hesitation  in  stopping  the 
business  if  necessary.  At  the  same  time  it  seems  that  boiling 
the  milk  removes  all  danger. 

Diplitlieria  Although  the  term  "diphtheria" 

was  only  introduced  by  Bretonneau  in  1826,  epidemics 
of  malignant  sore  throat  destroying  life  by  suffocation, 
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attacking  children  rather  than  adults,  and  sometimes 
leaving  paralytic  sequelse,  have  been  described  from 
the  earliest  times.    According  to  Hirsch,  there  is  a 
tendency  to  cyclical   epidemic  or  pandemic  waves, 
lasting  often  for  many  years,  and  followed  by  long 
intervals    of    comparative    quiescence.      This  long 
epidemic  wave  length  is  characteristic  of  diphtheria. 
Although  no  climate  gives  immunity,  the  tropics 
suffer  less  than  cold  and  temperate  climates.  During 
last  century  France  was  one  of  the  principal  centres  for 
diphtheria.    In  England  localized  epidemics  occurred 
m  1815-25,  after  which  the  country  was  almost  free 
from  the  disease  until  1857,  when  it  appeared  as  part  of 
a  general  prevalence  affecting  almost  the  whole  of 
Europe.     The  mortality  increased  during  the  next 
two  years,  reaching  0-52  per  1,000  living,  in  1859. 
Since  that  time  the  disease  has  held  its  ground  in 
England,  and  at  the  beginning  of  the  last  decade  of 
last  century  showed   a  maximum   prevalence  and 
fatality,  for  in  London  in  1893  the  death-rate  was 
0-75  per  1,000,  though  in  the  decennium  1891-1900 
It  was  0-50.    Its  tendency,  therefore,  recently  has  been 
that  of  a  steady  decline  since  1893.    In  England  and 
Wales  in  1909  the  death-rate  from  diphtheria  was 
014  per  1,000.     This  decline   has  been   due  to 
improved  and  more  rapid  diagnosis  and  to  the  use 
or  antitoxin. 

Season.— The  curve  of  seasonal  prevalence  of  diph- 
theria shows  a  relation  to  cold,  the  maximum  mortality 
being  reached  in  November  or  December,  and  the 
minimum  m  the  summer.  In  New  York  the  curve  is 
similar.  Records  of  epidemic  prevalence  show  the 
•same  preference  for  the  cold  months  (winter  and 
spring),  and  many  are  associated  with  cold  and  wet 
weather  There  are,  however,  many  exceptions,  in 
some  of  which  heat  has  been  regarded  by  local  ob- 
servers as  inducing,  and  cold  as  arresting,  the  epidemic 
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In  Great  Britain  atmospheric  humidity  is  considered 
most  favourable  to  the  prevalence  of  diphtheria,  but 
malignant  epidemics  have  occurred  in  excessively  dry 
weather  in  California,  and  Newsholme  finds  that  the 
relation  between  diphtheria  prevalence  and  years 
or  localities  of  heavy  rainfall  is  inverse  rather  than 
direct. 

Diphtheria  occurs  upon  high  and  low  levels,  and 
upon  dry  and  moist  soils;  but  Kelly  observed 
a  greater  average  prevalence  upon  damp  soils,  and 
this  relation  seems  to  hold  good  in  many  other  parts 
of  the  country.  A  special  incidence  of  diphtheria 
in  damp  houses  has  often  been  noted. 

Locality.— Diphtheria  was  formerly,  upon  the 
average,  more  prevalent  in  rural  than  in  urban 
districts  ;  but  in  recent  years  it  has  shown  a  marked 
tendency  to  establish  itself  in  towns,  particularly 
affecting  young  children.  Longstaff  compared  the 
statistics  (1855-80)  of  the  various  registration  counties 
in  respect  of  their  average  density  of  population  and 
average  mortality  from  diphtheria,  with  the  following 
result : — 


Mean  diph- 
tlieria 
mortality. 

Dense  districts 
(less  than  1  acre 
per  person). 

Medium  districts 
(1  to  2  acres  per 
isersou) . 

Sparse  districts 
(over  2  acres  per 
person). 

1855-60 
1861-70 
1871-80 

0128  per  1,000 

0-163 

0-114 

0-182  per  1,000 
0-164  „ 
0-125 

0-248  per  1,000 
0-2-23  „ 
0-132 

The  peculiarity  of  the  distribution  of  diphtheria  in 
regard  to  pojDulation  suggests  that  its  causes  "  should 
not  be  sought  for  primarily  in  any  high  development 
of  civilization,  such  as  sewers,  but  rather  in  some  con- 
dition associated  with  a  more  primitive  form  of  life  " 
{Longstaff).  A  disease  closely  resembling  diphtheria 
in  many  resi^ects  has  often  been  observed  to  attack 
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cats,  pigeons,  fowls,  and  horses  during  the  prevalence 
of  human  diphtheria.  This  coincidence  suggests 
that  some  part  of  the  incidence  upon  rural  dis- 
tricts may  be  due  to  infection  from  lower  animals. 
Some  of  the  symptoms  of  diphtheria  have  been 
produced  in  animals  by  inoculating  them  with 
diphtheritic  material.  Several  minor  outbreaks  have 
been  traced  to  infected  cats  from  whose  bodies 
the  bacillus  has  been  isolated. 

Diphtheria  frequently  occurs  in  a  purely  sporadic 
form,  no  clue  to  any  source  of  infection  being  dis- 
coverable, but  all  cases,  whatever  their  origin,  are 
highly  infectious.  It  may  be  regarded  as  endemic  in 
certain  localities,  sporadic  cases  bridging  over  the 
intervals  between  more  or  less  frequent  epidemics. 

Air,— Several  otherwise  inexplicable  outbreaks  in 
secluded  positions  have  been  attributed  to  transmission 
of  infection  by  wind  for  a  distance  of  some  miles. 
There  is  no  a  priori  improbability  in  this  explana- 
tion, but  it  seems  clear  that  no  such  wind-convection 
can  occur  in  those  outbreaks  that  remain  limited  to 
certain  streets  or  even  houses  in  urban  districts. 

Water  has  been  suspected  of  conveying  in- 
fection, but  no  complete  demonstration  has'^been 
made  out. 

Milk,  on  the  contrary,  has  been  abundantly  proved 
to  convey  the  diphtheria  poison  (see  pp.  137,  141). 
Many  extensive  outbreaks  have  been  traced  to  this 
agency,  and  careful  inquiry  has  brought  to  light  a 
close  relation  in  such  cases  between  the  quantity  of 
mdk  consumed  and  the  danger  of  attack.  The  milk 
may  become  infected  by.  some  person  suffering  from  a 
slight  attack  of  diphtheria,  but  we  have  now  to  bear 
in  mind  the  possible  occurrence  of  bovine  diphtheria, 
and  of  infection  from  the  cow  itself. 

Drainage  effluvia.-Diphtheria  is  more  severe  and 
more  prevalent  among  persons  exposed  to  foul  gases 
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from  sewers  or  drains.  The  relation  is,  however,  by 
no  means  direct.  Houses  with  the  worst  forms  of 
drainage  defects  may  remain  free  from  diphtheria  for 
indefinite  periods,  and  many  cases  of  diphtheria  occur 
in  jDremises  in  which  no  defect  can  be  found.  The 
same  may  be  said  of  other  insanitary  conditions, 
notably  dampness  of  house,  accumulations  of  manure 
and  other  filth  in  proximity  to  houses.  All  these 
ought  probably  to  be  regarded  as  predisposing  causes 
only. 

Age  and  sex.— The  mortality  is  greater  among 
females  than  among  males  at  all  ages  between  three 
and  forty-five  years,  and  hence  at  all  ages  taken 
together.  In  both  sexes  the  mortality  increases  from 
infancy  to  a  maximum  in  the  fourth  year  of  life,  and 
declines  steadily  thereafter,  but  there  is  a  somewhat 
greater  mortality  (in  proportion  to  the  comparatively 
scanty  surviving  population)  after  the  fiftieth  year. 
Of  the  whole  number  of  deaths  ascribed  to  diphtheria, 
53  per  cent,  occur  at  ages  under  five  years,  and  82 
per  cent,  under  ten  years. 

Incubation.—"  The  most  common  period  of  in- 
cubation in  diphtheria  is  from  two  to  three  days; 
less  frequently  the  period  is  diminished  to  24  hours 
or  extended  to  four  days  ;  and  the  limit  between  an 
almost  immediate  operation  of  the  infection  and  a 
delay  of  six  or  seven  days  practically  covers  the  period 
of  incubation  for  preventive  purposes  "  {Thome 
Thome).  The  early  symptoms  are  often  insidious,  but 
as  a  rule  the  membrane  is  visible  within  a  day  or  two 
of  the  onset,  if  not  at  first.  In  non-fatal  cases  the 
disease  usually  runs  its  course  in  two  or  three  weeks. 
The  case  mortality  varies  greatly  in  different  epi- 
demics, and  there  is  little  constancy  even  in  the  same 
epidemic.  It  is  usually  high  in  well-marked  out- 
breaks :  in  pre-antitoxin  days  it  was  frequently 
30  per  cent.,  or  more.    It  is  now  generally  between 
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10  and  20.  The  protection  conferred  by  an  attack 
of  diphtheria  does  not  appear  to  be  very  great.  The 
mortality  of  hsemorrhagic  diphtheria,  which  is  con- 
fined to  cliildren  (less  than  5  per  cent,  of  cases),  is  over 
80  per  cent.  The  cases  which  recover  suffer  from 
extensive  paralysis.  Treatment  should  consist  in 
large  doses  of  antitoxin  associated  with  frequent 
administration  of  adrenalin. 

Gresswell  raised  an  important  question  in  regard  to  those 
persons  who  have  suffered  from  diphtheria  in  former  years,  and 
in  ■whom  acute  inflammation  of  the  tonsils  is  set  up  hy  change 
of  weather  or  trifling  exposure.  He  observed  that  among 
those  associated  with  them  at  such  times,  diphtheria  is  apt  to 
occur  without  discoverable  cause ;  and  suggested  that  the 
chronic  morbid  condition  may  really  be  a  latent  fonn  of 
diphtheria,  the  occasional  recrudescence  of  which  becomes  the 
starting-point  for  the  spread  of  infection. 

Slight  cases,  in  which  the  symptoms  are  scarcely  recogniz- 
able, are  extremely  difficult  of  diagnosis.  During  prevalence 
of  diphtheria  any  sore  throat  should  be  regarded  with 
suspicion,  even  if  no  membrane  is  visible  and  the  constitu- 
tional symptoms  are  wanting.  There  is  no  necessary  relation 
between  the  severity  of  attack  in  two  cases  of  which  one  is 
infected  from  the  other;  the  slightest  case  may  impart  fatal 
infection.  In  doubtful  cases,  where  no  membrane  can  be 
found,  some  assistance  may  be  given  by  the  knowledge  of  the 
existence  of  other  cases  of  diphtheria,  and  paralytic  sequelse 
may  ultimately  clear  up  an  obscure  diagnosis.  'The  breath 
and  sputa  are  infectious  from  the  first.  Clothing,  furniture, 
and  even  walls  and  floors,  may  retain  the  virus  tenaciously. 

Schools — Schools  afford,  as  Power  observed  in 
1876,  a  favourable  ground  for  the  spread  of  diphtheria. 
There  children  at  the  most  susceptible  ages  are 
brought  together  for  some  hours  daily  in  close 
contact,  often  in  a  moist  and  impure  atmosphere, 
with  scanty  ventilation;  not  infrequently  such 
children  u.se  the  same  articles — towels,  slates,  pencils, 
etc. — and  are  brought  into  intimate  contact  with  each 
other.  Sir  Shirley  Murpliy  has  pointed  out  that  a 
marked  increase  in  the  number  of  cases  of  diphtheria 
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in  children  of  school  age  followed  on  compulsory 
elementary  education,  and  that  corresponding  with 
school  holidays  there  is  a  temporary  reduction  in  the 
number  of  notified  diphtheria  attacks  at  school  ages. 
Nor  is  the  danger  limited  to  the  mere  spread  of 
infection,  for,  as  Thorne  Thorne  showed,  a  pro- 
gressive development  of  virulence  and  infectiousness  is 
brought  about  by  the  aggregation  of  slight  (possiVjly 
unrecognizable)  cases  among  susceptible  children  at 
school.  Many  instances  are  recorded,  especially  in  dis- 
tricts where  throat  affections  are  more  or  less  endemic, 
commencing  with  the  appeai^ance  of  cases  of  sore  throat, 
followed  presently  by  cases  of  diphtheria,  which  increase 
in  numbers  and  severity.  The  epidemic  is  usually 
aiTested  by  closure  of  the  school,  often  only  to  break 
out  again,  with  renewed  virulence,  as  soon  as  the 
school  is  reopened. 

Among  preventive  measures,  the  first  are  isolation 
and  disinfection.  Doubtful  cases  should  be  secluded 
and  no  children  from  infected  households  should  be 
allowed  to  attend  school.  Supervision  of  "  contacts  " 
should  be  kept  for  a  fortnight,  and  if  necessary  pro- 
phylactic inoculation  of  antitoxin  should  be  under- 
taken (500  units).  Closure  of  schools  may  be  advisable 
if  many  cases  have  occurred  among  the  scholars,  or  if 
diphtheria  is  prevalent  in  the  district,  and  especially 
if  the  school  is  the  means  of  bringing  children  from 
infected  villages  into  contact  with  others.  {See  p.  244. ) 
Milk  supplies  found  to  be  implicated  in  the  spread 
of  infection  must  be  stopped  at  once,  and  most  rigid 
precautions  should  be  taken  in  regai'd  to  households 
connected  with  the  milk  trade.  Lastly,  insanitary 
conditions  should  be  sought  for  and  remedied. 

Bacteriology.— It  is  now  generally  held  that 
diphtheria  is  caused  by  a  bacillus  discovered  by 
Klebs  in  1883  and  isolated  by  Lof&er  in  the  following 
year.    It  is  a  slender  rod,  straight  or  slightly  curved. 
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and  beaded ;  there  are  also  irregular  and  club-sliaped 
forms.  It  differs  in  size  according  to  its  culture 
mediuiB,  but  is  generally  3  to  4  in  length.  Cobbett 
and  Graham-Smith  recognize  five  morphological  types 
of  diphtheria  bacilli  on  young  serum  cultures : 
(1)  oval  bacilli,  with  an  unstained  septum;  (2)  long, 
faintly-stained,  irregularly-beaded  bacilli ;  (3)  long, 
regularly-beaded  bacilli — "  streptococcal  "  forms  ; 
(4)  segmented  bacilli;  and  (5)  uniformly-stained 
bacilli.  All  these  forms  are  longer  than  the  pseudo- 
diphtheria  bacilli,  more  curved,  and  generally  with 
clubbed  ends.  In  the  membrane  which  is  its  strictly 
local  habitat  in  the  body — indeed,  with  the  exception 
of  the  secretions  of  the  pharynx  and  larynx,  and 
occasionally  in  lymph-glands  and  the  spleen,  the 
bacillus  is  found  practically  nowhere  else  in  the  body 
— it  sometimes  shows  parallel  grouping,  lies  on  the 
surface  of  the  exudation,  and  is  sepai^ated  from  the 
mucous  membrane  by  the  fibrin.  The  bacillus 
possesses  at  least  four  negative  characters  :  it  has 
no  spores,  and  no  power  of  motility;  it  does  not 
liquefy  gelatin,  nor  does  it  produce  gas  in  cultures. 
It  is  stained  with  Lofiler's  methylene  blue,  and  shows 
metachromatic  granules  and  polar  staining.  Its 
favourable  temperature  is  blood-heat,  though  it  will 
grow  at  room  temperature.  It  is  aerobic.  Lofiler's 
medium  is  made  by  mixing  three  parts  of  ox-blood 
serum  with  one  part  of  broth  containing  1  per  cent, 
of  glucose,  1  per  cent,  of  peptone,  and  l  per  cent,  of 
common  salt;  the  whole  is  coagulated.  Upon  this 
medium  the  Klebs-Loffler  bacillus  grows  rapidly 
in  18-20  hours,  producing  scattered  round,  white 
colonies,  becoming  yellowish.  The  bacillus  grows 
well  in  broth,  but  without  producing  either  a  pellicle 
or  turbidity;  it  can  grow  on  the  ordinary  media, 
though  its  growth  on  potato  is  not  readily  visible  ;  on 
the  white  of  egg  it  flourishes  extremely  well.    In  a 
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moist  condition,  apart  from  the  body,  the  bacillus  has 
a  low  degree  of  resistance,  but  when  dry  can  survive 
for  long  periods.  The  bacillus  is  secured  from  the 
throat  by  examination  of  a  piece  of  the  membrane  or 
by  a  swab.  Three  examinations  should  be  made 
before  concluding  that  the  throat  is  clear.  About 
20  per  cent,  of  all  cases  of  diphtheria  offer  no  bac- 
teriological evidence  of  infection.  The  bacillus  may 
exist  in  the  throat  of  infected  persons  for  long  periods, 
even  several  months,  causing  such  persons,  though 
apparently  healthy,  to  be  infectious.  It  may  also  be 
present  in  the  throats  of  persons  who  have  not 
suffered  from  the  disease — "  carriers  " — and  this  fact 
doubtless  furnishes  the  explanation  of  some  sporadic 
cases  and  obscure  outbreaks. 

A  pseudo-diphtheria  bacillus  described  by  Hof- 
mann  has  somewhat  similar  characters  to  the  true 
Klebs-Loffler  bacillus,  and  is  frequently  found  in 
healthy  throats,  especially  in  children  of  the  poorer 
classes.  It  differs  from  the  true  diphtheria  bacillus 
in  the  following  ways  :  it  is  {a)  thicker  in  the  middle 
than  at  the  poles ;  {h)  forms  no  acid  in  glucose  culture 
media ;  (c)  does  not  give  Neisser's  reaction  ;  {d)  differs 
in  artificial  culture;  (e)  does  not  agglutinate  like 
B.  diphtheria},  and  (/)  possesses  no  pathogenic  action. 
It  is  probably  innocuous,  but  in  practice  it  is  the 
safest  course  to  look  with  suspicion  upon  any  throat 
harbouring  pseudo-diphtheria  bacilli.* 

Antitoxin  treatment  of  diphtlieria.— Diphtheria 
antitoxin,  prepared  as  described  (p.  372),  is  injected 
subcutaneously  between  the  crest  of  the  ilium  and 
the  last  rib.    Strict  asepsis  must  be  observed,  and 

*  There  are  a  uumLer  of  other  bacilli  from  which  the  true  diphtheria 
bacillus  must  be  differentiated.  These  include  the  B.  coryzcB  segmentosvs, 
B.  xerosis,  und  a  number  of  "diphtheroid  "  bacilli,  and  organisms  from 
nasal  and  aural  discharge.  There  are  as  summarized  by  Gordon  five 
chief  characters  by  which  the  true  diphtheria  bacillus  may  be  known  .- 
fa)  The  macroscopic  and  microscopic  appearance  of  the  growth  on  blood 
serum  ;  (b)  the  behaviour  of  the  bacillus  to  Loffler's  blue,  Gram  s  stain, 
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the  dose  should  be  as  lai'ge  as  practicable  (2,000- 
5,000  units).  Antitoxin  is  now  very  widely  used  in 
the  treatment  of  diphtheria,  and  is  increasingly  used 
as  a  prophylactic  in  "contact"  persons  (300-500 
units). 

The  following  summary  of  the  antitoxin  treatment  of 
all  forms  of  diphtheria  at  the  hospitals  of  the  Metropolitan 
Asylums  Board,  1895-1909,  compared  with  the  results  obtained 
before  the  adoption  of  that  treatment,  affords  striking  evidence 
of  the  efficacy  of  diphtheria  antitoxin : — 


1890-3  (before  antitoxin) 
1S94  (antitoxin  occasion- 
ally used) 


1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1900 
1907 
1908 
1909 


Cases. 

Dftat.hs 

Mortality, 
per  cent. 

7111 

2161 

30-39 

3042 

902 

29-65 

2182 

615 

28-1 

2764 

717 

25-9 

4381 

896 

20-4 

5186 

906 

17-5 

7038 

1082 

15-4 

7271 

936 

12-9 

6499 

817 

12-6 

6015 

714 

11-8 

4839 

493 

10-1 

4070 

444 

10-9 

3734 

335 

9-0 

4149 

432 

10-4 

5121 

530 

10-4 

4583 

498 

10-8 

4215 

410 

9-7 

Its  value  is  particularly  noticeable  in  children.  Amono-st 
cases  in  the  first  year  of  life  the  rate  has  fallen  from 

and  Neisser's  stain  for  granules  ;  (c)  tlie  reaction  to  litmus  of  a  culture  in 
alkaline  broth,  containing  2  per  cent,  of  dextrose  after  48  hours  at  37°  C  ° 
(d)  the  pathogenic  test-1  c-.c.  of  broth  culture,  48  hours'  growth  at  37- 
C  injected  subcutaneously  into  200-300  gram,  guinea-pi-,  produced 
death  generally  in  48  h-uirs,  whilst  post-mortem  hsemonhagic  necrosis  and 
T^  X^  '"^.""y-       iiit«rnal  organs  are  congested,  ilie  pleural, 

pericardial,  and  peritoneal  flui.ls  are  increased,  and  the  suprarenal 
oST-  engorged  with  blood ;  (e)  the  virulence  of  the 

Shrirn,*f-|°''-"  '%*=""»P»«tely  neuti-alized  by  a  simultaneous  dose  of 
uSuy  accepS^  °'  '""P''^  "^'^Snosis.  (a)  and  (h)  are 

2b 
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Gl-8  to  37-8;  in  the  second  year  from  63-1  to  35-4;  in  the 
third  year  from  55-1  to  26  4  ;  in  the  fourth  year  from  48-3  to 
22-9, •  and  in  the  fifth  year  from  39  6  to  20-7. 

At  the  Brook  Hospital,  MacCombie  has  kept  records  show- 
ing the  results  of  the  antitoxin  treatment,  with  special  reference 
to  the  day  of  the  disease  on  which  treatment  began,  in  order  to 
illustrate  the  beneficial  effect  of  early  administration : — 


Mortality  per  cent,  in  Cases  Treated. 


1900 

1901 

1902 

1903 

1904 

1905 

1906 

1907 

1908 

1909 

on  1st  day 

0-0 

0-0 

0-0|  0-0 

0-0 

0-0 

0-0 

0-0 

3-0 

0-0 

2ud  „ 

3-6 

4-1 

4-6 

4-2 

5-4 

3-4 

3-9 

4-8 

0-5 

4-2 

Srd  „ 

6-7 

-14-9 

10-51  17-6 

10-6 

6-3 

8-7 

13-3 

10-6 

7-0 

4t.h  „ 

14-9 

12-4 

198 

:  16-0 

19-5 

11-0 

18-5 

9-7 

12-9 

11-5 

5tli  „ 

21-2 

16-6 

19-41 17-3 

13-1 

18-1 

13-6 

16-7 

14-8 

11-1 

and  after. 

Similar  reduction  ia  mortality  lias  taken  place  as 
a  result  of  the  uss  of  antitoxin  in  New  York  (where 
the  fall  in  the  mortality  per  cent,  in  the  first  year 
was  from  29-7  to  15-4),  Berlin,  Paris  and  elsewhere. 

It  is  now  customary  to  discharge  diphtheria 
j)atients  from  hospital  only  after  two  consecutive 
bacteriological  examinations  of  the  fauces  have 
proved  negative.  In  the  hospitals  of  the  Metro- 
politan Asylums  Board  this  results  in  an  average 
length  of  residence  in  hospital  of  50  days. 

In  1910  the  L,G,B«  made  an  order  under  §  77  of 
the  Public  Health  Act,  1891,  sanctioning,  in  the 
Metropolitan  Boroughs,  the  free  provision  of  diph- 
theria antitoxin  and  of  medical  attendance  in  connex- 
ion therewith,  urging  at  the  same  time  its  jirompt 
iind  early  administration. 

Crotl|)  is  credited  with  an  annual  death-rate  of  between 
g-l  and  0-5  per  1,000  living.  There  can  be  no  doubt  that  many 
deaths  from  diphtheria  and  laryngitis  hare  been  attributed  to 
croup,  and  if,  as  some  authorities  still  maintain,  there  is  a  true 

*  For  all  Metropolitan  Asylums  Board  hospitals. 
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"  croup  "—that  is  a  non-infectious  membranous  laryngitis  due 
mamly  to  wet  and  cold,  and  not  followed  by  paralysis-it  is  of 
less  frequent  occurrence  than  the  death  returns  would  imply. 
The  death-rate  from  croup  is  declining,  and  the  decline  is  pro- 
bably  due  to  improyed  diagnosis.  Outbreaks  of  diphtheria  are 
commonly  attended  with  cases  of  so-called  "croup,"  which 
upon  investigation  prove  to  be  diphtheritic. 

The  seasonal  curve  of  deaths  attributed  rightly  or  wrone-lv 
to  croup  has  Its  maximum  ia  the  cold  months  from  Decembefto 
March.  It  IS  much  later  than  that  of  diphtheria,  and  approxi- 
mates  more  closely  to  the  laryngitis  curve.  In  the  distribution 
as  regards  age  and  sex  a  further  difference  from  diphtheria  is 
noticeab  e.  Croup  is  more  fatal  to  males  than  females  upon 
the  whole,  the  mortality  among  females  being  lower  up^  to 
fifteen  years  of  age.  The  highest  mortality  in  both  sexes 
occurs  la  the  second  year  of  life.  In  all  these  respects  "  croup 
IS  alhed  to  laryngitis  rather  than  diphtheria.  ^ 

Erysipelas  occurs  in  all  parts  of  the  world,  but  more 
in  temperate  regions  than  elsewhere  [Hirsch).  In  North 
America  It  has  repeatedly  taken  the  form  of  widespread  and 
malignant  epidemics,  and  in  England  and  elsewhere  virulent 
outbreaks  often  originated  in  former  years  in  hospitals 
especially  m  surgical  wards,  where  cleanliness,  ventilation  at: 
At  the  sanitary  essentials' were  negiected. 

At  the  present  time  outbreaks  of  this  kind  are  rare  and 
erysipelas  IS  chiefly  met  with  in  sporadic  form.    In  itsTeasonal 
curve,  and  also  in  its  local  attachments  and  period  of  recur 
rence,  it  is  closely  allied  with  scarlet-fever  and  diXheiia  and 

period  of  I  f      UK     Tit     '^'^^  tha^  '^fc  any  other 

fwenf;  ff       '  although  the  mortality  increases  again  after 

i,TS^'*  '  °^  ^^^^^  inoculation  the  intubation  is 

usually  from  one  to  three  days.    It  is  not  certainThether  X 

tinuitv  of  T  "''l"^''*^  '^^^P*  brea'h  of  con! 

0  ca  L'^ or  m,,eous  membrane,  but  the  occurrence  of 
thi'  ^^,^«Pattic "  (non-traumatic)  erysipelas   points  to 

w  pathogenic  microbe  is  a  streptococcus  readilv  rnH? 

vated,  and  reproducing  the  disease  upon'subseTent  raoeui^^^^^^^ 

comparatively  recently  been 
are  widely  different  in  their  etiology  and  epidemiology. 

Hs^ofsetetll^fn^ir  ''''''^^^  considerable  num. 
•i         several  centuries  past,  more  especially  in  times  of  war 
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and  famine,  and  were  common  in  the  seventeenth  century  and 
up  to  1815.  The  only  great  epidemic  in  Europe  since  that 
time  was  in  1846-7.  Ireland  has  been  from  earliest  times  one 
of  the  chief  centres  of  the  disease,  Russia  being  another. 
Although  for  the  most  part  limited  to  cold  and  temperate 
climates,  typhus  is  by  no  means  unknown  in  many  hot 
countries,  but  usually  at  considerable  elevation.  The  different 
habits  of  life,  and  especially  the  abundant  ventilation,  which 
prevail  in  warm  countries  may  help  to  account  for  their  com- 
parative immunity,  but  as  the  effect  of  season  remains  marked, 
there  is  probably  some  further  influence  at  work.  In  former 
iimes,  epidemics  of  typhus  frequently  reached  England,  appar- 
ently by  invasion  from  Ireland ;  but  for  many  years  past 
typhus  has  almost  entirely  disappeared  from  the  southern  and 
midland  towns  of  England,  although  still  occurring  in  the 
large  towns  of  the  north  and  of  Scotland,  especially  those  con- 
taining a  large  Irish  population.  The  last  general  epidemic  in 
Ireland  was  in  1862-4. 

Cases  of  typhus  are  most  numerous  in  winter  and  spnng, 
and  in  warm  countries  epidemics  seldom  occur  at  any  other 
season.  In  countries  in  which  typhus  is  common,  however, 
the  origin  and  course  of  epidemics  are  not  checked  by  either 
extreme  of  temperature. 

TeUuric  conditions  are  not  known  to  have  any  influence. 

The  great  predisposing  causes  of  typhus  are  over- 
crowding, lack  of  ventilation,  filth,  debility,  and 
privation.  Wars  and  famines  in  former  centuries 
were  frequently  followed  by  outbreaks  of  fever,  among 
which  typhus  was  prominent.  "  Gaol  fever  "  (typhus) 
was  common  in  English  prisons  up  to  the  last  century, 
owino-  to  their  filthy  and  overcrowded  state.  Better 
ventilation  of  vessels  has  rendered  "ship  fever"  almost 
unknown,  but  accidental  repetition  of  the  old  condi- 
tions, even  in  recent  years,  has  led  to  fresh  outbreaks 
of  typhus.  Typhus  broke  out  among  the  British 
troops  in  the  Crimea  in  1854-5,  and  among  the  be- 
siecred  in  Metz  in  1870.  In  Ireland  the  years  of 
famine  and  distress  have  been  attended  with  typhus 

It  is  not  clear  that  any  race  or  class  is  especially 
susceptible,  or  the  reverse,  apart  from  the  conditions 
under  which  they  live  ;  but  for  the  reasons  already 
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stated,  the  poorest  classes  suffer  by  far  the  most 
from  typhus. 

Age  and  sex—The  mortality  from  typhus  increases 
from  childhood  to  about  fifty  years  of  age,  and  then 
declines  somewhat.  It  is  greater  among  males,  except, 
perhaps,  in  childhood.  Handford  finds  that  the  sus- 
ceptibility is  greatest  in  the  ten  to  fifteen  years'  age- 
period,  but  that  the  case  mortality,  i.e.  the  proportion 
of  deaths  to  attacks,  is  at  its  minimum  in  this  period, 
and  rapidly  increases  at  later  ages.  Spear  has  called 
attention  to  the  mildness  of  the  symptoms  in  children, 
owmg  to  which  the  initial  attacks  in  an  outbreak  are 
bable  to  escape  diagnosis. 

The  incubation  period  seems  to  be  very  variable, 
and,  according  to  Murchison,  may  be  only  a  few 
hours  or  as  long  as  three  weeks  or  more.  It  has  been 
observed  to  be  short  in  certain  cases  after  exposure  to 
the  poison  in  a  concentrated  form.  Perhaps  twelve 
days  may  be  taken  as  the  most  usual  duration.  The 
rash  appears  within  a  week  after  the  onset,  and,  as  a 
rule,  on  the  fourth  or  fifth  day.  The  disease  generally 
terminates  m  death  or  convalescence  about  the  end  of 
the  second  week,  and  isolation  may  be  terminated  in 
ten  days  or  a  fortnight  more.  The  mortality  averages 
about  20  per  cent,  but  varies  with  the  age,  condi- 
tion, and  surroundings  of  the  patient,  and  with  the 
epidemic. 

Infection  is  given  off  by  the  breath,  probably  by 
the  exhalations  from  the  skin  and  mucous  mem- 
branes and  possibly  by  the  excreta.  Some  have 
suggested  that  the  disease  is  spread  by  vermin 
especially  fleas.  According  to"^  Murchison,  the 
mtectiyity  is  more  active  after  the  first  week 
pears  ^^"^ecliately  surrounding  the  patient  ap- 
fost    hi  ^".f^f^^^^o"-^'         its  virulence  is  rapidly 

buted  to  rff  r°''~\  ''^^^^^  "^^y  Attri- 

buted to  dilution,  or  desiccation.    The  poison  clings 
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readily  and  strongly  to  clothing  and  other  fomites, 
but  has  not  been  shown  to  be  conveyed  by  water,  or 
by  milk  or  other  food.  Doctors  and  nurses  in  typhus 
wards  rarely  escape  for  long  unless  protected  by  a 
previous  attack.    Second  attacks  are  rare. 

Typhus  is  probably  acquired  by  inhalation  of  the 
poison,  whether  from  contact  with  the  patient,  breath- 
ing the  air  in  his  immediate  vicinity,  or  by  the  inter- 
vention of  fomites.  The  powerful  pi-edisposing  influence 
of  overcrowding  and  want  of  ventilation  may  be 
explained  by  the  facilities  which  they  give  for  infec- 
tion and  for  concentration  of  the  poison,  as  well 
as  their  effect  in  rendering  the  individual  more  sus- 
ceptible. 

No  pathogenic  microbe  is  yet  known,  but  it  may 
safely  be  inferred  from  analogy  that,  without  the 
presence  of  a  specific  poison,  no  intensity  of  the 
favouring  conditions  can  originate  an  outbreak  of 
typhus.  It  is,  nevertheless,  true  that  the  disease  often 
makes  its  appearance  suddenly  among  overcrowded 
and  filthy  communities- — on  shipboard,  for  example— 
in  instances  where  no  previous  case  can  be  traced. 

Typhus  is  essentially  a  preventable  disease.  Isola- 
tion of  the  patient,  disinfection,  and  quarantine  of 
persons  exposed  to  infection  will  rarely  fail  to  arrest 
a  localized  outbreak.  Cleanliness  and  ventilation  are 
auxiliaries  of  the  first  importance. 

Enteric  or  typhoid  fever  was  differentiated  from 
typhus  in  1850  by  Jenner.  It  is  a  disease  of 
practically  world-wide  distribution,  but  is  less 
prevalent  in  tropical  regions  than  elsewhere.  In 
England  it  is  decreasing  in  prevalence,  and  now 
contributes  not  more  than  0-1  to  the  average 
general  death-rate.  For  instance,  the  death-rate 
from  this  disease  in  1909  in  England  and  Wales 
was  0-06,  which  shows  a  marked  decline  on  pre- 
vious years.    In  1871-80  it  was  0-32,  in  the  decade 
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following  0-19,  and  in  1891-1900,  0-17.  In  London 
in  1906  it  was  0-06. 

Season.— In  England  the  greatest  prevalence  oc- 
curs in  October,  and  the  minimum  in  May  or  June. 
The  autumnal  maximum  is  very  general,  but  the 
exact  position  of  the  summit  of  the  curve  varies 
in  different  countries ;   in  New  York  it  occurs  in 
September.    High  or  low  temperature  of  the  air  has 
111  Itself  no  clear  relation  to  enteric  prevalence,  nor 
has  the  rainfall,  but  instances  are  recorded  in  which 
hot  and  dry  summers  were  followed  by  high  mortality 
from  the  disease,  upon  the  occurrence  of  rain,  and  the 
reverse  after  cold  and  wet  summers.    It  is  probable, 
m  view  of  the  frequent  relations  between  telluric 
conditions  and  enteric  fever,  that  meteorological  con- 
ditions act  mainly  by  modifying  the  temperature  and 
moisture  of  the  soil,  and  that  rainfall  may  either 
increase  or  diminish  the  chances  of  an  outbreak 
according  to  the  previous  condition  of  the  ground. 

Soil  -Pollution  of  the  earth  by  animal  matter, 
especially  if  excrementitious  in  origin,  is  conducive  to 
the  endemic  or  epidemic  prevalence  of  enteric  fever 
i'ettenkofer  and  Buhl  have  traced  a  connexion  be- 
tween the  movements  of  the  ground  water  and  the 
occurrence  of  enteric  fever  sickness  and  mortality  in 
Munich,  which  has  been  confirmed  by  further  ob- 
servation m  Berlin  and  other  parts  of  Germany,  and 
elsewhere.    "The  total  of  the  cases  of  sickness  and 
death  from  typhoid  falls  with  the  rise  of  the  subsoil 
water,  and  rises  with  the  fall  of  it ;  .    .       the  level 
reached  by  the  disease  is  not  in  proportion,  however, 
to  the  then  level  of  the  subsoil  water,  but  only  to  the 
variation  in  it  on  each  occasion  ;  or,  in  other  words, 
t  IS  not  the  high  or  low  level  of  the  subsoil  water  that 
Th  r'w'-    *  •"''^^       '^''S^     fluctuation  "  {Hirsch). 
douL"    .    .  *°  no  room  for 

cioubt  as  to  Its  reality  and  significance  in  the  localities 
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in  question,  but  it  does  not  appear  to  hold  good 
in  England,  and  Fodor  has  found  exactly  the  reverse 
in  Pesth.  In  many  places  where  enteric  fever 
occurs,  the  subsoil  water  is  so  deep  and  its  movement 
so  trifling  that  there  is  little  probability  of  its  pro- 
ducing any  material  effect.  In  Munich  the  soil  is 
porous,  the  ground- water  high,  and,  until  recently, 
leaking  cesspools  are  said  to  have  been  univei'sal.  As 
Buchanan  has  pointed  out,  the  purity  of  water  in 
wells  is  liable  to  be  affected  by  changes  in  the  level 
of  the  ground-water,  and  the  readiness  with  which 
enteric  fever  is  spread  by  means  of  specifically  polluted 
water  must  not  be  lost  sight  of.  The  specific  microbe 
is  able  to  thrive  in  moist  soil  and  upon  dry  linen  for 
upwards  of  70  days.    {Pfichl,  Firth.) 

Air  does  not  appear  to  carry  the  poison  of  enteric 
fever  under  ordinary  conditions  even  for  the  shortest 
distances,  and  the  chances  of  infection  by  mere 
proximity  to  a  patient  ai^e  slight,  though  occasionally 
instances  suggestive  of  this  are  met  with.  Infection 
from  the  sick  to  the  healthy  by  direct  or  indirect 
contact  is,  of  course,  one  of  the  commonest  means  of 
spreading  the  disease  ;  water  and  milk  being  others. 

Water.— While  water  polluted  even  with  excre- 
mental  filth  has  often  been  drunk  for  years  by 
numbers  of  people  with  perfect  impunity  so  far 
as  the  appearance  of  enteric  fever  is  concerned, 
contamination  with  the  excreta  of  a  case  of  enteric 
fever  has  over  and  over  again  been  found  to  result 
in  widespread  outbreaks  of  the  disease,  the  in- 
cidence of  which  in  such  instances  exactly  follows 
the  distribution  of  the  water,  and  affects  only  those 
persons  who  drink  it.  Such  outbreaks  rise  suddenly 
to  considerable  proportions,  but  decline  gradually. 
Corfield  collected  particulars  of  more  than  50  water- 
borne  epidemics  of  typhoid  betAveen  1864  and  1902. 
Some  have  arisen  from  specific  pollution  of  shallow 
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wells,  as  at   Guildford  in  1867,  in  the  Uxbridge 
Rural  District  in   1882,  at  Hitchin  in   1883,  at 
Beverley  in  1884,  etc. ;  others  from   the  pollution 
of  deep  wells.    Thus  an  outbreak  of  enteric  fever 
at  Redhill  and  Caterham  in  1879  was  traced  by 
Thorne  Thorne  to  pollution  of  one  of  the  well-adits  at 
the  Caterham  Waterworks  by  the  excreta  of  a  work- 
man suffering  from  a  mild  attack  of  enteric  fever, 
the   organic   impurity  of  the  water,  as  shown  by 
analysis,  being  extremely  small.     Another  case  of 
infection  of  a  deep  well  was  at  Houghton-le-Spring,  in 
Durham,  in  1889.    The  large  outbreak  at  Worthing 
in  1893  (1,315  cases)  was  due  to  the  consumption  of 
water  from  a  new  heading,  which  was  contaminated 
by  sewage.     The  water-borne  poison  is  not  depen- 
dent upon  the  organic  matter  in  the  water,  but  upon 
the  specific  pollution,  which  need  not  necessarily  be 
large  in  quantity. 

Innumerable  other   instances  are  on  record  in 
which  direct  and  obvious  excretal  contamination  of 
wells,  springs,  streams,  cisterns,  reservoirs  or  water- 
mains  has  been  followed  by  enteric  outbreaks  upon  a 
large  or  small  scale,  according   to   the  number  of 
persons  drinking  the  water.    As  illustrations  may  be 
mentioned  the  outbreaks  at  Caius  College,  Cambridge, 
in  1873,  at  Kmg's  Lynn  and  Maidstone  in  1897 
and  at  Lincoln  in  1905.    Buchanan  found  that  in 
the  case  of  Caius  College,  the  water  in  the  main  at 
iree  Court,  which  was  chiefly  affected,  was  con- 
taminated by  suction  into  it,  during  the  periods  of 
intermission  of  supply,  of  foul  air  from  a  soil  pipe 
through  a  " weeping  pipe"  which  supplied  the  trap 
on  the  waste-pipe  of  the  safe-tray  of  a  water-closet, 
the  trap  being  liable  to  siphonage.    The  King's  Lynn 
outbreaks  (1892  and  1897)  were  traced  to  pollution 
ot  the  sources  of  the  water  supply,  namely,  the  river 
<^aywood,  with  typhoid  excreta,  and  the  same  appl 


lies 


426 


SPECIFTC  DISEASES  [chap. 


to  the  great  outbreak  at  Maidstone  (1,847  cases)  in 
1897,  which  was  believed  to  have  been  caused  by- 
pollution  of  the  springs  by  excremental  matter  from 
a  colony  of  hop-pickers.  In  both  these  cases  the 
filtration  of  the  water  as  delivered  was  inefficient. 
The  outbreak  at  Lincoln  in  1905  included  some  900 
cases,  and  commenced  towards  the  end  of  January. 
The  river  Witham  and  its  tributai'ies,  from  which 
the  supply  was  taken,  were  polluted  "by  drainage 
from  land  highly  cultivated,  and  occasionally 
manured  with  night  soil."  The  effluent  from  a 
sewage  farm  discharged  into  the  river  above  the 
intake.  In  the  autumn  of  1904,  and  in  January, 
1905,  there  were  a  number  of  cases  of  enteric  fever 
in  Lincoln,  and,  therefore,  opportunity  for  the 
typhoid  virus  to  gain  access  to  the  water  supply, 
which,  owing  to  increased  acceleration  due  to  heavy 
demands,  was  not  effectually  filtered  in  the  filter-beds. 
The  result  was  a  water-borne  outbreak  of  enteric  fever, 
chiefly  affecting  households  which  did  not  boil 
their  drinking  water.  Many  confirmatory  observations 
have  been  made  of  places  in  which  enteric  fever,  once 
endemic,  has  become  rare  coincidently  with  the 
substitution  of  a  pure  for  an  impure  water  supply. 
Thus  at  Millbank  Prison,  artesian  well  svater  was 
substituted  for  Thames  water  in  1854^  and  the 
previous  endemic  prevalence  of  enteric  fever  dis- 
appeared. 

In  sevei-al  of  the  cases  mentioned  above,  the  proof 
of  specific  pollution  was  incomplete,  and  it  has 
been  held  that  sewage-polluted  water  may  acquire 
the  property  of  causing  enteric  fever  in  those  who 
drink  it,  without  the  access  of  enteric  excreta.  Even 
in  country  districts,  where  the  movements,  identity,  and 
health  of  every  person  coming  into  the  locality  are 
easily  traced,  it  has  often  been  found  impossible  to 
obtain  evidence  of  specific  pollution  of  water  that  was 
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nevertheless  instrumental  in  spreading  enteric  fever: 
On  the  other  hand,  it  is  clear  that  something  beyofid 
simple  excremental  pollution  is  necessary  to  account 
for  the  sudden  acquisition  of  morbific  properties  in  a 
water  that  has  long  been  polluted ;  and,  moreover, 
attacks  of  entei-ic  fever  may  be  so  mild  as  to  escape 
recognition,  nor  is  it  safe  to  disregard  the  possibility 
that  the  specific  poison  may  gain  access  in  ways  as 
yet  unsuspected. 

Sir  Shirley  Murphy  has  found  distinct  increase  in 
notified  enteric  attacks  in  London  following  floods 
above  the  water-intakes,  and  he  has  further  pointed 
out  that  disease  carried  by  water  or  milk  may  affect 
so  few  persons,  or  be  in  so  mild  a  form,  as  to  escape 
recognition. 

It  is  necessary  to  remember  that  the  urine  of  the 
patient  as  well  as  the  bowel  discharges  may  contain 
the  infective  bacillus.  Horton  Smith  showed  in  1897 
that  the  urine  is  infective  in  25  per  cent,  df  cases, 
and  most  frequently  towards  the  end  of  the  disease 
and  during  convalescence.  In  many  recorded  cases 
the  typhoid  bacillus  has  been  found  in  the  urine 
3,  6,  8,  12  and  even  18  months  after  convalescence. 
{Semple,  Greig,  Aldridge.)  Klinger  states  that  in- 
termittent periods  of  bacillary  infection  appear  to 
last  in  some  cases  over  several  years,  and  this  may 
be  found  to  explain  the  intermittent  occurrence  of 
typhoid  cases  in  houses  and  streets  over  extended 
periods.  Other  observers  have  found  bacilluria  of 
this  kind  present  in  between  10  and  .30  per  cent,  of 
the  cases  examined. 

Food.--Milk  wa^  first  recognized  as  a  medium 
for  the  dissemination  of  enteric  fever  in  1857. 
Many  instances  have  since  been  recorded,  in  England 
and  other  countries,  the  infection  being  sometimes 
traced  to  the  use  of  polluted  water  for  washinc.  the 
cans  or  diluting  the  milk,  sometimes  to  the\nilk 
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being  infected  more  or  less  directly  by  a  person 
suflfering  from  entei-ic  fever  (see  p.  141).  Oysters 
have  on  many  occasions  recently  been  suspected  of 
conveying  the  infection  of  entei-ic  fever.  In  1894 
Newsholme  reported  a  number  of  such  cases,  and 
in  the  same  year  an  outbreak  of  the  disease 
occurred  at  a  college  in  Connecticut,  traced  to 
oysters.  In  this  country,  between  1894  and  1902, 
increasing  evidence  was  forthcoming  in  confirmation 
of  this  channel  of  infection,  and  in  the  latter  year 
occurred  the  well-known  outbreaks  at  Winchester  and 
Southampton,  traced  to  the  consumption  of  polluted 
oysters  at  mayoral  banquets  (Bulstrode).  It  is  now 
well  understood  that  oysters  fattened  on  sewage  con- 
taminated beds  may  cause  disease  in  persons  eatiiig 
them  (see  p.  124).  Fried  fish  (Havier),  ice-cream, 
watercress,  and  other  foods  have  also  carried  enteric 
infection.  When  the  disease  is  thus  contracted  it  is 
characterized  by  multiple  cases  in  houses,  and  an 
exceptional  age-incidence. 

Insanitation,  drain  effluvia,  sewer  gases,  emana- 
tions from  manure  heaps  and  other  filth  accumula- 
tions, and  the  retention  of  excremental  matter  in  the 
immediate  vicinity  of  dwellings,  are  often  regarded 
as  directly  causing  enteric  fever.  That  they  are 
powerful  predisposing  causes  is  beyond  doubt,  and 
it  may  be  supposed  that  persons  exposed  to  their 
influence  become  more  susceptible  to  the  enteric 
poison.  Alessi  has  shown  experimentally  that  this  is 
true  of  rats,  rabbits  and  guinea-pigs,  after  exposure  to 
the  effluvia  from  cesspools  or  excreta.  The  incidence 
of  attack  is  heaviest  upon  households  or  districts  in 
which  drainage  defects,  or  insanitary  privies  and  earth 
closets,  exist,  although  it  is  often  difficult  to  dissociate 
their  influence  from  that  of  impurity  of  soil  and  water. 
Buchanan  has  shown  that  in  the  large  English  towns 
improved  drainage  has  greatly  lowered  the  death-rate 
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from  enteric  fever,  and  Newsholme  states  (1910)  that 
"  throughout  England  and  Wales  counties  persisting 
in  the  use  of  conservancy  methods  of  dealing  with 
excre  mental  matters  and  not  having  adopted  the 
water-carriage  system,  have  excessive  entei'ic  fever 
in  all  instances  in  which  industr-ial  conditions  imply 
considerable  aggregations  of  population."  In  towns 
that  have  been  newly  sewered,  without  due  atten- 
tion to  the  disconnexion  and  trapping  of  house 
drains,  enteric  fever  has  sometimes  become  far 
more  prevalent  in  large  houses  upon  high  ground, 
tenanted  by  the  wealthier  classes,  than  in  the 
poorer  districts  down  below,  in  which  very  com- 
monly there  were  no  drain-inlets  within  the  houses. 
Here,  however,  the  presence  of  enteric  excreta  in 
the  sewage  may  be  suspected.  Precisely  the  same 
conditions  are  recognized,  and  with  equal  justice, 
to  be  conducive  to  outbreaks  of  diphtheria,  a  totally 
distinct  disease,  and  in  either  case  the  presence 
of  a  specific  poison  is  doubtless  essential  to  the 
manifestation  of  the  specific  disease,  be  its  mode  of 
access  what  it  may.  Grossly  insanitary  conditions 
may  exist  for  years  without  any  outbreak  of  either 
disease.  Men  working  in  sewers  do  not  appear  to 
be  specially  liable  to  enteric  fever,  nor  do  those  em- 
ployed in  scavenging  in  pail-closet  towns,  although 
they  come  into  close  and  frequent  contact  with  enteric 
excreta. 

In  connexion  with  infection  contracted  from 
filth  or  through  food  the  agency  of  flies  must  not 
be  forgotten.  The  domestic  house-fly  and  other 
forms  have  been  proved  to  be  carriers  of  con- 
tamination on  their  antennae  and  legs.  This  has 
been  practically  demonstrated  in  the  Spanish-American 
war  and  the  Boer  war.  They  have  also  been  shown 
to  be  an  active  agency  in  the  spread  of  enteric  and 
diarrhoea  in  urban  communities.  {Niven.) 
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Locality, — Enteric  fever  is  more  prevalent  and 
more  fatal,  at  all  ages,  in  towns  than  in  the  countiy, 
and  often  fixes  persistently  upon  one  district,  where 
the  predisposing  conditions  mentioned  elsewhere  will 
usually  be  fovind  to  exist.  In  such  districts  new- 
comers are  especially  liable  to  attack ;  this  has  been 
observed  on  a  large  scale  as  regards  soldiers  newly 
arrived  in  India.  It  seems  probable  that  some  sort 
of  acclimatization  is  at  work,  relative  immunity  being 
■conferred  by  repeated  minimal  infection.  As  a  rule, 
but  by  no  means  always,  the  areas  in  which  enteric 
fever  is  endemic  are  occupied  by  the  poorest  class, 
among  whom  insanitarv  conditions  abound. 

Age. — According  to  Handford,  "  the  susceptibility 
to  enteric  fever  decreases  with  age  from  the  earliest 
years  onwards,  though  the  decrease  is  slight  between 
fifteen  and  twenty-five,  whereas  the  risk  of  a  fatal 
termination  steadily  increases  with  age."  The  Regis- 
trar-General's figures,  however,  tend  to  show  that  the 
fatal  incidence  is  less  during  the  first  five  years  of  life 
than  between  five  and  ten  years.  The  registered 
mortality  is  low  in  infancy,  high  in  the  second  to  the 
fifteenth  year,  and  then  rises  further  to  a  maximum 
.between  15  and  25  years,  after  which  it  falls  per- 
manently. It  is  probable  that  true  enteric  fever  is 
rare  among  infants  and  young  ohildren,  and  that 
many  of  the  cases  recorded  at  those  ages  are  due 
to  faulty  diagnosis. 

Sex  More  males  than  females  die  from  enteric 

fever,  but  the  mortality  is  greater  among  females 
from  the  fourth  to  the  twentieth  year  of  age.  The 
susceptibility,  according  to  the  Registrar-General,  is 
greater  among  males  from  about  the  fifth  to  about 
the  twenty-fifth  year,  and  greater  among  females  at 
all  other  ages.  The  average  severity  of  attack  is 
somewhat  greater  among  females ;  18-8  per  cent,  of 
female  cases  end  fatally,  and  ITl  of  male  cases. 
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Typhoid  "  carriers."— Since  Drigalski,  in  1903, 
drew  attention  to  the  long  saprophytic  existence  of 
the  typhoid  bacillus  in  the  human  intestine,  much 
attention  has  been   given   to  the   subject  of  the 
typhoid  "  carrier  "  (i.e.  the  healthy  person  who  yet 
carries  infection  in  his  body),  and  great  numbers  of 
cases  have  been  recorded,  particularly  in  Germany. 
Many  of  these  cases  have  infected  water,  milk,  and 
materials,  as  well  as  persons  by  direct  infection.  It 
is  estimated  that  from  2-3  per  cent,  up  to  32  per 
cent,  of  the  total  amount  of  typhoid  fever  is  directly 
due  to  such  carriage.    Ledingham  considers  that  the 
proportion  of  carriers  in  an  ordinary  population  is 
about  3  or  4  per  1,000.    He  believes  that  the  chronic 
canier  condition  is  more  frequent  in  adult  life  than 
in  youth,  and  in  the  female  sex  than  in  the  male, 
and  he  recommends  as  measures  of  pi-evention  [a) 
the  early  and  fuller  detection  and  isolation  of  carriers, 
(6)  strict  personal  cleanliness,  especially  as  regards 
the   hands,    of    the   carrier    himself,  and    (c)  the 
safe  disposal  of  the  infective  excreta.*    Many  cases 
have  been  recorded  which  seem  to  indicate  that 
infection  may  be  retained  in  the  body  for  many 
months  and  years. 

Mode  of  infection — The  most  frequent  mode  of 
infection  is  by  contact  or  by  the  mouth,  the  virus 
either  being  contained  in  water,  milk,  or  other  food, 
or  conveyed  more  dii^ectly  by  the  unwashed  hands 
after  contact  with  infected  matter.  That  the  ex- 
creta and  urine  are  infective  is  certain,  and  it  is 
possible  that  infection  is  sometimes  carried  by  the 
breath.  Enteric  patients  are  sometimes  treated  in 
hospitals  side  by  side  with  other  cases  ;  but  with 
scrupulous  cleanliness,  especially  as  regards  the  nurse's 
hands,  and  any  clothing  that  may  have  become  soiled, 

*  For  further  particulars,  see  Thirty-Ninth  Ann.  Rep.  L.6.B.  1909-10 
(Medical  Officer's  Supplement),  cel.  5312,  pp.  246-8S^U  {Ledingham.) 
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in  however  minute  degree,  with  the  patient's  dis- 
charges, it  seems  that,  although  nurses  are  not  infre- 
quently attacked,  the  infection  has  little  tendency  to 
spread  to  other  patients.  It  is  otherwise  in  crowded 
homes,  and  there  can  be  no  question  that  direct 
personal  contagion  has  been  the  cause  of  not  a  few  of 
the  smaller  outbreaks  of  the  disease,  and  of  many 
secondary  cases  in  the  larger  epidemics  (e.g.  in  the 
Lincoln  outbreak  of  1905).  Kayser  reports  that  in 
Strassburg  (1903—7)  there  were  505  cases  of 
typhoid  fever,  in  87  per  cent,  of  which  the  source 
of  infection  was  traced,  with  the  following  result : 
13  per  cent,  came  to  the  town  ill,  26 '7  per  cent,  con- 
tracted infection  from  milk,  14-6  per  cent,  from  water, 
2  per  cent,  from  food,  11  "9  per  cent,  from  direct 
contact  with  previous  cases,  9*4  per  cent,  from 
"carriers,"  and  10  per  cent,  otherwise. 

The  incubation  period  is  variable,  from  two  or 
three  days  to  three  or  even  four  weeks,  perhaps  most 
usually  twelve  to  fourteen  days.  The  insidious  mode 
of  onset  renders  exact  determinations  difficult.  The 
incubation  is  often  short  when  the  poison  is  introduced 
by  water  or  milk.  In  some  of  Budd's  cases  it  was  only 
two  or  three  days,  at  Guildford  ten  or  eleven  days,  in  the 
Caterham  outbreak  fourteen  days.  Jancken  records 
an  instance  in  which  a  body  of  soldiers,  not  otherwise 
exposed  to  infection,  marched  through  two  villages  in 
which  enteric  fever  was  rife,  and  drank  freely  of 
water.  Two  days  later  3  were  attacked  by  enteric 
fever ;  then  7,  6,  0,  4,  5  in  successive  days,  and  7 
more  within  the  fortnight — 32  in  all.  The  onset  was 
sudden,  but  the  course  mild.  Another  section  of  the 
troops  passed  through  the  same  villages  without 
drinking,  and  escaped  illness. 

The  duration  of  illness  is  usually  about  three  to 
four  weeks,  but  may  be  protracted  by  relapses.  Second 
attacks  are  not  uncommon. 


xiiij  ENTERIC  FEVER  433 

The  greatest  care  is  needed  to  prevent  all  risk  of 
contamination  of  milk  supplies  or  water.  The  disposal 
of  the  excreta  is  a  matter  of  great  importance.  They 
should  be  disinfected  and  disposed  of  at  once.  In  the 
country  it  is  custom aiy  to  bury  them  away  from 
houses  or  sources  of  water  supply  ;  in  towns  they 
are  usually  dealt  with  like  other  excreta,  but  where 
pail- closets  are  used  enteric  excreta  may  be  separately 
collected  and  cremated.  The  urine,  as  we  have  seen, 
often  contains  the  bacilli  (in  about  20  per  cent,  of 
cases). 

Bacteriology — In  1880-1  Eberth  announced  the 
discovery  of  the  typhoid  bacillus  in  cases  of  clinical 
enteric  fever.    In  1884  it  was  first  cultivated  outside 
the  body  by  Gaffky.    Since  then  other  organisms 
have  been  held  responsible  for  the  causation  of  the 
disease.    In  1885  the  B.  coli  co7nmunis  was  recog- 
nized, and  it  was  a  matter  of  debate  among  bacteriol- 
ogists as  to  how  far  these  two  organisms  were  the 
same  species,  and  interchangeable.  Bacteriologists 
now  generally  regard  the  Eberth-Gaffky  bacillus  as 
the  specific  cause  of  typhoid  fever,  though  complete 
proof  is  still  wanting.    About  3  per  cent,  of  typhoid 
cases  are  due  to  paratyphoid  organisms  {Boycott) 
Typhoid  bacilli  appear  as  rods,  2-4  yu  long,  0-5  broad 
havuig  round  ends.   Sometimes  threads  are  observable' 
bemg  10  IX  in  length.    The  bacilli  differ  in  length  from' 
each  other,  but  are  approximately  of  the  same  thick- 
ness.   Round  and  oval  cells  constantly  occur  even  in 
pure  culture,  and  many  of  these  shorter  forms  appear 
to  be  identical  in  morphology  with  some  of  the  many 
forms  of  B.  coli.    There  are  no  spores.     Motility  is 
marked,  due  to  some  five  to  twenty  flagella  of  varyino- 
length.    The  fiagella  are  both  terminal  and  lateraf 
and  are  elastic  and  wavy.  ' 

The  organism  may  be  isolated  from  the  ulcerated 
I'eyers  patches  in  the  intestine,  from  the  spleen,  the 
^  c 
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iiiesenteric  glands,  and  the  urine.  Owing  to  the 
mixture  of  bacteria  found  elsewhere,  it  is  generally 
most  readily  isolated  from  the  spleen.  For  this 
purpose  the  whole  spleen  is  removed,  and  a  portion 
of  its  capsule  seared  with  a  hot  iron  to  destroy 
superficial  organisms.  With  a  sterilized  knife,  a 
small  cut  is  made  into  the  substance  of  the  organ, 
and  by  means  of  a  sterilized  platinum  wire  a  little 
of  the  pulp  is  removed  and  traced  over  the  surface  of 
agar,  on  which  growth  occurs  in  24  hours  at  37°  C. 
The  bacillus  grows  on  all  the  ordinary  media.  It  is 
decolorized  by  Gram's  method.  The  typhoid  bacillus 
is  capable  of  saprophytic  existence  in  soil,  dust,  water, 
and  milk,  and  may  persist  in  the  excreta  for  months. 
It  may  be  conveyed  by  flies..  It  can  survive  in 
ordinary  earth  for  two  months,  on  sterilized  linen 
for  60  days,  on  woollen  cloth  for  80  days,  and  in 
soils  for  upwards  of  70  days. 

Serum  and  vaccine  Chantemesse  has  produced 

an  antitoxic  serum,  which  has  yielded  favourable 
results,  particularly  if  administered  early  (dose  10-12 
c.c.)  A  bactericidal  antityphoid  serum  has  also  been 
introduced.  Wright  has  prepared  a  vaccine  from  a 
virulent  24  hours'  culture  on  agar,  and  after  emulsi- 
fication  standardized  to  contain  1,000  million  typhoid 
bacilli  per  c.c.  It  is  killed  by  heating  at  56-58°  C. 
for  30  minutes  and  i  per  cent,  lysol  is  subsequently 
added.  The  dose  is^500  or  1000  millions  of  bacilli 
injected  hypodermically  in  the  flank.  The  blood  of  a 
person  so  inoculated  responds  well  to  Widal's  re- 
action. The  prophylactic  value  of  this  inoculation 
has  been  proved  in  India  and  South  Africa. 

The  typhoid  bacillus  agiflutinates  with  serum  from  a 
typhoid  patient,  and  this  has  been  used  as  a  bacteriological  aid 
in  diaonosis.  It  is  known  as  mdaVs  apphcation  of  Grnler  s 
reaction,  and  is  carried  out  in  the  following  way  :  A  few  drops 
of  blood  are  drawn  from  the  lobe  of  the  ear  or  finger  of  the 
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patient;  the  serum,  which  exudes  as  the  blood  coagiilateB,  is 
then  dihited  with  about  9  parts  of  neutral  bouillon.  A  drop  of 
this  dilution  is  mixed  with  an  equal  quantity  of  a  typhoid 
broth  cultivation  of  18  to  24  hours'  growth  made  from  a 
virulent  culture.^  Under  the  microscope  it  may  be  seen 
whether  the  reaction  is  positive  or  negative.  If  in  the  mixture 
of  serum  and  of  culture  the  bacilli  become  immotile  and  also 
become  agglutinated,  or  grouped  together  in  colonies,  the 
reaction  is  positive.  If,  however,  they  remain,  as  they  do  in 
healthy  blood  serum,  motile  and  scattered,  the  reaction  is 
negative.  The  Widal  reaction  is  obtainable  in  about  70  to  80 
per  cent,  of  the  cases  between  the  4th  and  14th  day  of  the 
case  and  in  90  per  cent,  of  the  cases  during  the  third  and 
fourth  weeks. 

Simple  coiitiimed  fever  is  stiU  assigned  as  the 
cause  of  a  considerable  number  of  deaths,  but  is  steadily  losing 
ground  year  by  year  with  improving  diagnosis  and  certification. 
Many  of  the  dealhs  so  returned  are  probably  due  to  enteric 
fever,  others  to  septic  conditions,  pneumonia,  etc.  Longstaff 
has  shown  that  the  seasonal  mortality  curve  for  "  simple  con- 
tinued fever  "  is  very  different  from  that  of  enteric  fever,  and 
resembles  the  typhus  curve  rather  closely,  having  its  maximum 
m  winter  and  spring. 

Epidemic  diarrhcea'^  is  returned  as  the  cause 
of  a  deatli-rate  that  steadily  averaged  0-9  per  1,000 
from  1850  to  1880,  and  in  1909  was,  for  England'and 
Wales,  0-28  per  1,000.  In  towns  it  is  much  higher 
(1  per  1,000)  than  in  rural  districts  (0-52).  In 
London,  in  1906,  it  was  0-94,  and  0-81  for  ten  pre- 
ceding years.  In  many  cases  diarrhoea  is  merely 
syinptomatic,  but  the  existence  of  an  epidemic  disease 
of  which  diarrhoea  is  the  prominent  manifestation  is 
now  recognized. 

Density  of  population— Epidemic  diarrhoea  is 
essentially  a  disease  of  towns,  or,  in  more  general 

*  Under  this  term  are  induded  all  forms  ofzymotin  diarrhoea  and 
epidemic  enteritis.  The  Royal  College  of  PhysiciLs  (1900)  laid  dowj 
that  "gastroenteritis,"  "  muco-enteritis,"  "gastric  catarrh,"  and  such 

dlscaX'  °  TZ'rn"fw '"""^"^t  T  of  death  shoulc  S 

mscardeU.    The  College  regarded  epidemic  diarrhoea  as  a  general  rtispq  J 

fLlT^'^^.t''"!"'"")'''",*"  "''^  ^'^'"e  enteric  or  otheSers  and 

">«,"«e  of  the  terms  "epidemic  enterit      or    f ' p re 
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terms,  of  crowded  areas.  The  diarrhoea  death-rate  in 
1891-1900  among  children  0-5  years  of  age  was  54; 
in  urban  counties  it  was  6"7  and  in  rural  districts  2  6. 
The  disease  is  ordinarily  twice  as  fatal  in  urban  as  in 
rural  counties,  and  more  dangerous  to  boys  than  girls. 
In  counties  such  as  Dorset  and  Wilts,  the  mortality 
(among  children  0-5  years)  in  1903  was  below  2  per 
1,000,  whereas  in  Warwickshire  it  was  8-8,  in  the  East 
Riding  8-9,  and  in  Lancashire  9-13. 

An  analysis  of  the  diarrhoea  mortality  in  the 
various  counties  according  to  their  average  density  of 
population  gives  a  similar  result.  Thus,  in  1871-80 
the  mean  annual  diarrhoea  mortality  per  1,000  at  ages 
under  five  years  was — 


In  6    counties  with  more  than     4  acres  per  person  .  2*6 

.  3-6 
.  4-2 


„   9  „  „         „  3to4 


4-  8 
7-1 

5-  6 


„  12  „  „  ,)  2  ,,  3  ,, 

,,  11  ))  J)  ))  ^  )>  2 

„   6    counties  with  less  than     1  acre 

In  all  England  and  Wales,  with  )  j.,  ^^^^ 
an  average  of  ) 

In  1898-1902  the  rate  was  11-5  in  urban  districts 
and  5-0  in  rural.  Urban  conditions  are  favourable 
to  the  disease,  chiefly  because  of  some  or  all  of  the 

following  : — 

Density  of  buildings  upon  an  area  increases  the 
tendency  to  diarrhoea  mortality,  in  addition  to  the 
density  of  population  that  usually,  though  not 
always,  accompanies  it.  It  is  chiefly  a  disease  of 
urban  life. 

Elevation  of  site  tends  to  reduce  diarrhoea  mor- 
tality, but  only  in  the  same  degree  that  it  affects 
infant  mortality  from  all  causes. 

Lack  of  ventilation  and  light  is  conducive  to 
diarrhoea  mortality.  Among  the  common  conditions 
that  are  harmful  in  this  way  are  narrow  dark 
courts  and  streets,  obstructive  walls  or  buildings, 
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back-to-back  houses,  over-crowding,  and  neglect  of 
ventilation  of  rooms. 

Lack  of  cleanliness  has  a  similar  effect,  and  is 
usually  found  in  association  with  the  above,  particularly 
in  houses.  But  furthei',  towns  which  have  adopted 
the  water-carriage  system  of  sewerage  have  less 
diarrhoea  than  those  which  retain  other  methods  of 
removal  of  excrement.  Towns  also  which  have  the 
most  effectual  scavenging  arrangements,  including  the 
methods  of  removal  of  house  refuse,  have  the  least 
epidemic  diarrhoea. 

Foul  air  from  sewers,  cesspools,  and  filth  accumula- 
tions of  any  kind  promotes  diarrhoea  mortality.  Smoke 
and  meref  chemical  effluvia  seem  to  be  inoperative. 

Drinking=water  may  cause  outbreaks  of  diarrhoea, 
independently  of  season,  but  is  not  responsible  for 
ordinary  epidemics  of  summer  diarrhoea. 

Soil. — Diarrhoea  mortality  is  low  in  places  built 
upon  solid  rock,  high  where  the  soil  is  loose  and 
porous.  Sand  and  deep  mould  are  the  worst,  clay  is 
far  better.  Organic  pollution  of  the  soil,  whether 
vegetable  or  animal  in  origin^  is  a  most  potent 
factor,  and  occurs  especially  upon  such  sites  as  "  made 
ground,"  pervious  soils,  town  refuse,  market  gardens, 
or  in  soil  polluted  by  leakage  from  drains  or  cesspools. 
Dampness  of  soil,  accompanied  by  aeration,  is  the 
most  favourable  condition  for  diarrhoea,  dryness  or 
saturation  being  alike  preventive. 

Temperature — High  temperature  of  the  air  has 
long  been  observed  to  be  associated  with  high 
diarrhoeal  mortality,  and  the  reverse  with  low  air 
temperature,  but  Ballard  shows  that  the  relation  is 
indirect.  The  maximum  mortality  by  no  means 
necessarily  coincides  with  the  highest  readings  of  the 
air-thermometer.  The  temperature  of  the  soil,  being 
a  less  sensitive  indicator  and  more  steady  in  its  record, 
is  on  the  whole  a  safer  sjuide. 
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Ballard  concluded  that — 

"  («)  The  summer  rise  of  diarrhoeal  mortality  does  not  com- 
mence until  the  mean  temperature  recorded  by  the  4 -foot 
earth- thermometer  has  attained  somewhere  about  56°  F.,  no 
matter  what  may  have  been  the  temperature  previously  attained 
by  the  atmosphere  or  recorded  by  the  1-foot  earth-thermometer. 

"  (b)  The  maximum  diarrhoeal  mortality  of  the  year  is 
usually  attained  in  the  week  in  which  the  temperature  recorded 
by  the  4-foot  earth- thermometer  attains  its  mean  weekly 
maximum. 

"  (c)  The  decline  of  the  diarrhceal  mortality  .  .  .  coincides 
with  the  decline  of  the  temperature  recorded  by  the  4-foot 
earth-thermometer,  which  temperature  declines  much  more 
slowly  than  the  atmospheric  temperature  or  than  that  recorded 
by  the  1-foot  earth- thermometer. 

"  [d)  The  influence  of  the  atmospheric  temperature,  and  of 
the  temperature  of  the  more  superficial  layers  of  the  earth, 
.  .  .  is  little,  if  at  all,  apparent  until  the  temperature  of  the 
4-foot  earth-thermometer  has  risen  as  stated  above ;  then  their 
influence  is  apparent,  but  it  is  a  subsidiary  one." 

Tomkins  found  that  epidemic  diarrhoea  did  not 
occur  in  Leicester  until  the  temperature  of  the  1-foot 
earth-thermometer  reached  60°  F. 

Rainfall  is  operative  by  its  cleansing  effect  upon 
the  atmosphere,  by  laying  dust,  and  by  its  reducmg 
effect  upon  the  temperature  of  the  soil  and  the 
atmosphere.  Diarrhoeal  mortality  is  greater  in  dry 
and  less  in  wet  seasons.  Deficiency  of  rainfall  plus 
high  atmospheric  tevaperature  are  probably  the  two 
chief  external  conditions  favourable  to  epidemic 
diarrhoea.  Wind  tends  to  reduce  diarrhoea  mortality, 
calm  in  the  diarrhoeal  season  promotes  it. 

It  was  upon  broad  facts  such  as  these  that  Ballard, 
in  1887,  based  his  "provisional hypothesis"— 

That  the  essential  cause  of  diarrhoea  resides 
ordinarily  in  the  superficial  layers  of  the  earth,  where 
it  is  intimately  associated  with  the  life-processes 
of  some  micro-organism  not  yet  isolated  ; 

That  the  vital  manifestations  of  such  organism  are 
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depeuclent,  amongst  other  tilings,  perhaps,  principally 
upon  conditions  of  season  and  on  the  presence  of 
dead  organic  matter,  which  is  its  pabulum  ; 

That  on  occasion  such  micro-organism  is  capable 
of  getting  abroad  from  its  primary  habitat,  the  earth, 
and  having  become  air-borne  obtains  opportunity  for 
fastening  on  non-living  organic  material  (especially 
food  whether  inside  or  outside  the  body),  and  of  using 
such  oi'ganic  material  both  as  nidus  and  pabulum  in 
undergoing  various  phases  in  its  life-history ; 

That  from  food  and  from  organic  matter  in  certain 
soils  it  can  manufacture  a  virulent  chemical  poison, 
which  is  the  material  cause  of  epidemic  diarrhoea. 

Social  position — By  far  the  greatest  incidence  is 
upon  the  poorest  class,  the  artisan  and  lower  labour- 
ing classes. 

Food,  and  pai-ticularly  milk,  may  become  con- 
taminated by  exposure  to  dust  or  tilth  emanations, 
and  thus  cause  diarrhoea.  Flies  are  frequently 
the  means  of  conveyance.  Breast-fed  children  are 
remarkably  exempt,  and  those  partially  breast-fed 
come  next;  the  mortality  is  much  higher  amono- 
children  artificially  fed,  and  especially  if  fed  by  .the 
bottle.  On  the  whole  there  is  evidence  to  show 
that  infantile  diarrhoea  is  usually  a  form  of  food 
poisoning. 

Maternal  neglect — The  mortality  among  illegiti- 
mate children  is  higher  than  that  of  legitimate 
children  from  all  causes,  but  the  excess  is  greatest  in 
regard  to  diarrhoea.  The  difference  is  most  marked 
in  years  of  low  epidemicity,  and  tends  to  disappear 
in  years  of  high  diarrhoea  mortality,  but  in. the  latter 
the  average  age  of  attack  is  earlier  among  illegiti- 
mate children.  Occupation  of  mothers  from  home 
contributes  to  neglect  and  improper,  irregular,  and 
artificial  feeding  of  infants. 

Age — Diarrhoea  is  fatal  at  both  extremes  of  life. 
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The  first  year  of  life,  especially  from  the  third  to  the 
ninth  month,  has  by  far  the  greatest  mortality.  In 
1871-80,  63  per  cent,  of  the  deaths  attributed  to 
diarrhcea  were  at  ages  under  one  year,  80  per  cent, 
under  two  years.    It  was  by  far  the  most  fatal  of  the 
infective  diseases  in  infancy,  and  caused  a  mortality 
of  over  25  per  thousand  births.    In  1881-90  the  mean 
mortality  rate  showed  further  decline,  and  in  1891- 
1900  73  per  cent,  of  the  deaths  from  this  disease  were 
under  one  year  and  86  under  two.    From  infancy  the 
mortality  diminishes  until  about  the  twentieth  year, 
after  which  it  again  increases  until  the  end  of  life. 
The  liability  to  attack  seems  to  be  greater  in  the  second 
year  than  the  first,  and  at  all  events  is  far  greater  in 
the  first  two  years  than  in  the  third  or  later  years. 
It  is  comparatively  small  in  the  first  three  months, 
and  probably  increases  up  to  the  end  of  the  first  or 
beginning  of  the  second  year.     No  age  is  exempt 
from  attack,  but  only  severe  and  acute  attacks  kill 
at  ages  between  infancy  and  old  age.    Tomkins  states 
that  "infants  and  young  children  form  only  a  small 
proportion  of  those  attacked,  although  they  furnish 
nearly  the  whole  of  the  deaths." 

Sex. — The  mortality  is  greater  among  females 
from  the  third  to  about  the  forty-fifth  year,  but  gi-eater 
among  males  in  infancy  and  old  age.  The  liability 
to  attack,  however,  is  greater  among  males  at  all 
ages. 

Season  Fatal  diarrhcea  occurs  at  all  seasons,  but 

always  increases  greatly  in  summer.  In  London  the 
mortality  curve  shows  a  slight  rise  throughout  June, 
rapidly  increasing  in  July,  and  reaching  its  maximum 
in  the  first  week  of  August,  after  which  it  again  falls 
steadily  throughout  September  and  October.  _  During 
the  rest  of  the  year  there  is  little  variation.  An 
outburst  of  epidemic  diarrhoea  occurs  every  year,  but 
the  date  and  intensity  of  the  epidemic  vary  con- 
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siderably  fi^om  year  to  year,  and  according  to  locality. 
The  relation  to  temperature  and  other  atmospheric 
and  telluric  conditions  has  already  been  discussed. 
There  is  very  frequently  an  alternation  of  years  of 
high  and  low  diarrhoeal  mortality,  but  a  simple  ex- 
planation of  this  is  usually  to  be  found  in  the 
meteorological  records  of  the  summer  months,  there 
being  coincident  alternation  of  hot,  dry  summers  with 
others  which  are  cool  and  wet. 

Locality. — Diarrhoea  is  endemic  in  many  large 
English  towns,  notably  Leicester  and  Preston,  and 
causes  heavy  mortality  annually.  Others,  such  as 
Bristol,  Derhj,  and  Halifax,  are  affected  much  less, 
though  all,  as  in  the  metropolis,  show  the  summer 
rise  every  year. 

Previous  health  affects  the  chances  of  recovery 
more  than  the  liability  to  attack.  The  incubation  is 
apparently  very  short,  from  a  few  hours  to  a  day,  or 
at  most  two  days.  Half  the  fatal  cases  terminate 
within  a  week,  and  the  course  is  more  rapid  in  the 
later  periods  of  an  epidemic  (Ballard).  Characteristic 
pathological  changes  are  found  in  the  kidneys  as  well 
as  in  the  intestines,  a  fact  that  goes  far  to  prove 
the  specific  character  of  epidemic  diarrhoea.  Pneu- 
monia is  common  and  fatty  degenei^ation  of  the  liver 
almost  invariable. 

In  many  instances  diarrhoea  has  appeared  to  be 
highly  infectious  by  means  of  the  excreta,  but  this  is 
not  always  the  case. 

Outbreaks  of  diarrhoea  occur  from  time  to  time, 
especially  in  hospitals  and  other  public  institutions, 
which  cannot  be  referred  to  climatic  conditions,  but 
upon  investigation  are  traced  to  articles  of  food,  and 
especially  to  water  and  milk.  Water  may  acquire 
the  power  of  causing  diarrhoea  in  many  ways,"including 
the  presence  of  suspended  mineral  mattei',  such  as 
clay  or  mica  {Parkes) ;  excess  of  dissolved  mineral 
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matter;  suspended  or  dissolved  sewage  matter  or  oilier 
animal  impurity,  especially  if  undergoing  putrefaction  , 
suspended  vegetable  matter;  absorption  of  fetid  gases, 
including  sulphuretted  hydrogen  and  "  sewer  gas." 
Milk  is  a  frequent  cause  of  diarrhoea,  owing  either 
to  fermentative  changes  in  itself,  or  to  contamination 
by  specific  poison  or  efiluvia.  An  outbreak  at  Moor- 
fields  Hospital  was  traced  to  butter.  Putrid  food  of 
any  kind  tends  to  cause  diarrhoea,  and  fish  is  especially 
prone  to  be  injurious  if  not  fresh.  Lastly,  specific 
diseases  must  be  mentioned  in  this  connexion,  as,  for 
example,  the  Welbeck  cases  described  in  an  earlier 
chapter. 

Bacteriology.— In  1885  Escherich  published  his 
researches  on  Bacillus  coli  communis,  and  since  that 
date  many  authorities  have  maintained  that  this 
organism  is  the  causal  agent  of  epidemic  diarrhoea. 
Booker,  on  the  other  hand,  as  the  result  of  investiga- 
tion, concluded  that  many  different  varieties  of 
bacteria  are  concerned  in  the  etiology  of  the  summer 
diarrhoeas  of  children.  He  considered  "  streptococcus 
enteritidis  "  and  Proteus  vulgaris  the  most  important. 
In  1895  Klein  isolated  an  oi^ganism  from  the  evacu- 
ations of  patients  sufi'ering  from  an  epidemic  of 
diarrhrea  at  St.  Bartholomew's  Hospital,  which  he 
named  B.  enteritidis  sporogenes*  and  which  he  believes 
to  be  the  cause  of  epidemic  diarrhoea.  B.  enteritidis 
sporogenes  is  widely  distributed,  and  occurs  in  normal 
and  typhoid  excreta,  in  sewage,  manure,  soil,  dust, 

*  n.  cnleritidis  sporogenes  (Klein)  is  an  anaerobic  bacillus:  1-6-4;Sm 
lono-  and  0-8  broad  ;  stains  by  Gram  s  metliod  and  ordinary  stains. 
Motile;  spore  formation  present;  large  oval  spores  often  situated  near 
one  end  of  bacillus  ;  grows  well  on  gelatin  and  agar.  In  tlie  former  gas 
is  produced  and  tlie  gelatin  liquefies.  It  grows  well  in  milk.  Alter 
tbirtv-six  hours  of  anaerobic  incubation  at  37=  C.  the  surface  is  covered 
with  strinsv,  pinkish-white  masses  of  coagulated  casein  enclosing  a  num- 
ber of  ffas-bubbles.  The  main  portion  of  the  tube  of  niilk  contains  a 
colourless  thin,  watery  whey,  with  a  few  ca.sein  lamps  here  and  there 
adhering  to  the  sides  of  the  tube.  The  whey  has  a  smell  of  butyric  acid, 
and  is  acid  in  reaction.    It  contains  many  bacilli. 
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and  milk.  It  has  been  frequently  found  in  the 
dejecta  of  patients  suffering  from  epidemic  diarrhoea. 
It  fulfils  in  a  somewhat  exceptional  degree  the  re- 
quirernents  suggested  by  Ballard.  But  the  same  is 
true  of  B.  coli,  and  the  question  is  therefore  svh.  judice. 

Influenza,  stands  almost  alone  in  its  purely 
epidemic  or  pandemic  occurrence,  with  little  trace 
of  endemic  localization.  Much  confusion  has  arisen 
from  the  prevalent  misapplication  of  the  term 
influenza  to  severe  catarrhs,  infectious  or  otherwise. 
Many  epidemics  of  true  influenza  have  been  observed 
during  the  last  few  centuries,  spreading  over  a  greater 
-  or  lesser  portion  of  the  globe.  Although  there  is  clear 
indication  of  prefex'ence  for  lines  of  traffic,  the  progress 
of  an  epidemic  is  highly  irregular.  It  appears 
simultaneously  at  widely  separated  points,  often 
leaping  over  or  avoiding  entire  countries,  perhaps 
to  appear  in  them  later.  It  may  be  limited  to 
particular  towns  or  villages,  sometimes  even  to  a 
small  section  of  the  population  in  one  part  of  a  town. 
The  advance  is  frequently  rapid,  but  not  more  rapid 
than  human  traffic,  and  at  other  times  its  progress  is 
slow  and  halting.  The  pandemic  of  1889  was  first 
heard  of  in  Siberia,  in  May,  and  had  spread  to  almost 
every  part  of  Europe  before  the  end  of  the  year.  It 
reached  London  late  in  December,  and  in  ■  the  course 
of  the  next  three  months  diffused  itself  over  the  whole 
of  England. 

The  epidemic  quickly  reaches  its  maximum  limits 
in  a  given  centre,  owing  probably  to  its  infectiousness 
and  short  incubation,  and  the  susceptibility  of  the 
greater  part  of  the  population.  It  seldom  remains 
longer  than  a  few  weeks  in  any  locality,  but  may  return 
in  the  course  of  the  same  pandemic.  The  interval 
between  epidemics  is  irregular.  Parsons  states  that 
major  epidemics  occurred  in  England  in  1803,  1833, 
1837-8, 1847-8,  and  minor  epidemics  about  every  three 


444  SPECIFIC  DISEASES  [chap. 


years.  From  1860  onwards  these  practically  ceased, 
until  1889,  when  a  new  series  of  epidemics  began, 
each  covering  almost  the  whole  country,  at  intervals 
of  about  a  year,  and  which  in  ten  years  destroyed  no 
fewer  than  87,767  lives  in  England  and  Wales.  In 
1891-1900  the  influenza  moi-tality  was  361  per  million. 
During  the  decennium  there  were  two  epidemics,  in 
1895  when  the  death  rate  rose  to  423  per  million,  and 
in  1898-1900  when  it  reached  504  per  million. 

In  the  same  district  the  type  of  the  epidemic 
remains  fairly  constant  as  regards  intensity,  sevex-ity, 
and  perhaps  the  tendency  to  one  or  other  group  of 
local  symptoms  or  complications.  There  is,  however, 
considerable  variety  in  difierent  centres  during  the 
progress  of  an  epidemic,  and  the  type  may  change  in 
a  given  locality. 

Climate. — Epidemics  are  more  common  in  hot 
countries,  but  no  country,  however  cold,  is  CKempt 
from  invasion. 

Season  and  weather — Neither  cold  nor  heat, 
nor  any  known  meteorological  condition,  has  been 
shown  to  have  any  efiect  in  checking  or  promoting 
the  spread  of  the  disease.  Intense  outbreaks  occur 
in  the  hottest  and  coldest  seasons,  in  good,  bad,  and 
changeable  weather,  apparently  indifferently.  Each 
type  of  weather  in  turn  has  been  alleged  to  cause 
epidemic  prevalence,  upon  the  strength  of  narrow 
observation  confined  frequently  to  one  locality  and 
one  outbreak.  Nothing  is  definitely  known  of  any 
relation  to  atmospheric  electricity,  or  the  presence  of 
ozone.  It  is,  however,  conceivable  that  conditions  of 
climate,  season,  and  weather  may  affect  the  seventy 
of  the  epidemic,  and  especially  the  mortality  from 
the  respiratory  complications  that  usually  attend  it. 

Telluric  conditions  are  apparently  without  influence.  The 
disease  attacks  persons  of  all  ages  and  both  sexes,  sometimes  to 
the  extent  of  quarter  or  even  half  the  entire  population.  In 
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general  both  incidence  and  severity  of  attack  are  less  at  ages 
below  20  years,  and  less  among  women  than  among  men  ; 
though  in  some  few  localities  and  instances  children,  and  es- 
pecially school  children,  suffered  more  than  adults.  It  would 
appear  that  influenza,  like  diphtheria,  may  become  intensified  by 
the  aggregation  of  susceptible  persons  in  a  confined  atmo- 
sphere. Whether  it  can  spread  through  the  air  for  long 
distances  is  doubtful.  Many  instances  are  on  record  in  which 
it  was  apparently  conveyed  in  that  way  to  ships  and 
lighthouses,  but  Parsons  has  shown  that  in  some  of 
these  the  isolation  was  not  complete.  On  the  whole,  secluded 
persons  and  populations  suffered  least,  the  incidence  being 
exceptionally  heavy  upon  postal  and  railway  officials,  and 
others  whose  work  brought  them  most  into  contact  with  the 
public. 

Dogs  and^ats  apparently  sufEer  from  influenza,  and  horses 
are  liable  to  a  severe  and  often  fatal  disease  (termed  "  pink- 
eye "  from  one  of  its  prominent  symptoms),  which  has  been 
regarded  as  a  form  of  influenza.  On  several  occasions  in 
England  and  elsewhere  epidemics  of  influenza  have  been 
preceded  by  outbreaks  of  "  pink-eye."  But  in  a  Eeport  to  the 
L.G.B.  (1893)  Klein  giA'es  reasons  for  doubting  the  trans- 
missibility  of  influenza  to  lower  animals. 

The  period  of  incubation  appears  to  be  short,  from 
one  to  three  days.  The  onset  is  sudden,  with  chills, 
elevation  of  temperature,  and  severe  pain  in  the  eyes, 
head,  and  back,  and  tenderness  of  muscles,  especially 
of  the  legs  and  back.  Three  principal  forms  of  the 
disease  are  described,  with  affection  respectively  of 
the  respiratory  or  alimentary  tracts,  or  of  the  nervous 
system  alone.  Intense  prostration  and  depression 
and  rapid  loss  of  weight  are  almost  invariable.  The 
symptoms  usually  abate  in  three  or  four  days,  but 
complications  and  sequelae  may  protract  the  duration 
of  ill  ness  indefinitely.  The  breath,  is  in  all  proba- 
bility infectious  from  the  first. 

The  mortality  from  influenza  is  usually  slight, 
except  among  persons  already  weakened  by  disease  or 
predisposed  to  iDronchitis  or  pneumonia.  The  increased 
death-rate  which  follows  the  appearance  of  influenza 
in  a  district  ds  largely  due  to  deaths  attributed  to 
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respiratory  diseases.  The  protection,  if  any,  conferred 
by  an  attack  is  slight  and  evanescent,  repeated 
attacks  being  common. 

In  1892  Pfeiffer  discovered  a  small  bacillus  in  the 
bronchial  mucus  of  patients  suffering  from  influenza. 
It  is  aerobic,  non-motile  and  non-resistant.  It  does 
not  stain  by  Gram's  method,  and  grows  feebly  on 
artificial  media. 

The  ordinary  preventive  measures — notification, 
isolation,  and  disinfection — have  not  yet  been  em- 
ployed on  a  large  scale  against  influenza. 

Cerebro-spinal  fever. — Cerebro-spinal  fever, 
known  also  as  epidemic  cerebro-spinal  meningitis  or 
spotted  fever,  is  not  rare  in  this  country,  and  has 
recently  caused  serious  mortality  in  New  York  and 
on  the  continent  of  Europe.  In  1866-7  a  severe 
epidemic  in  Ireland  was  marked  by  high  mortality 
and  hsemorrhagic  rashes.  From  1900-9  sometbing 
of  an  epidemic  wave  of  this  disease  occurred  in 
Europe  and  the  United  States.  A  large  number  of 
cases  occurred  in  Glasgow. 

The  disease  may  be  described  as  "an  acute, 
epidemic  disease,  characterized  by  profound  disturb- 
ance of  the  central  nervous  system,  indicated  at  the 
onset  chiefly  by  shivering,  intense  headache  or  vertigo, 
or  both,  and  persistent  vomiting  ;  subsequently  by 
delirium,  often  violent,  alternating  with  somnolence 
or  a  state  of  apathy  or  stupor  ;  an  acutely  painful 
condition  with  spasm — sometimes  tetanoid— of  certain 
groups  of  muscles,  especially  the  posterior  muscles  of 
the  neck,  occasioning  retraction  of  the  head  ;  and 
an  increased  sensitiveness  of  the  surface  of  the 
body  "  (Eadclife).  Throughout  the  disease  there  is 
marked  depression  of  the  vital  powers,  and  not  in- 
frequently collapse.  In  its  course  an  eruption  of 
vesicles,  petechial  or  purpuric  spots,  or  mottling  of  the 
skin,  sometimes  not  unlike  the  rash  of  typhus,  is  apt 
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to  occur.  If  the  disease  tend  to  recovery,  the 
symptoms  gradually  subside  without  any  critical 
phenomena,  and  convalescence  is  protracted  ;  if  to  a 
fatal  tqrminatibn,  death  is  ialmost  invariably  pre- 
ceded by  coma.  After  death  the  membranes  of  the 
brain  and  spinal  cord  are  found  engorged  with  blood, 
and  an  effusion  of  sero-purulent  matter  is  often  present 
in  the  meshes  of  the  pia  mater  and  beneath  the 
arachnoid. 

The  clinical  manifestations  include  the  pi'esence 
of  Kernig's  sign*  and  of  tache  cerebrate,  f 

There  are  also  milder  or  anomalous  forms  which 
render  identification  difficult,  and  which  lead  to  its 
being  mistaken  for  other  ailments  of  more  common 
occurrence.  In  certain  localized  outbreaks  in  the 
eastern  counties  in  1890.  this  disease  was  generally 
mistaken  for  sunstroke  or  enteric  fever ;  in 
Northamptonshire  in  1890-1  it  was  diagnosed  as 
pneumonia  or  sore-throat ;  and  in  Irthlingborough  in 
1905  many  of  the  persons  attacked  were  regarded  as 
suffering  from  influenza.  When  death  ensues  rapidly 
the  disease  has  been  mistaken  for  typhus,  tetanus, 
or  malignant  measles. 

Cerebro-spinai  fluid,  withdrawn  from  the  lower 
part  of  the  spinal  canal  by  lumbar  puncture,  should 
be  examined  for  the  presence  of  the  Diplococcus 
meningitidis  intracelhilaris  of  Welch  selbaum,  no\y  - 
generally  regarded  as  the  specific  cause  of  the 
disease. 

Whether  cerebro-spinai  fever  is  spread  by  direct 
infection  from  person  to  person  is  a  matter  of  uncer- 

*  To  obtain  this  sign  the  patient  is  placed  so  that  the  hin-ioint 
IS  senii-flexed,  and  while  the  hip-joint  is  retained  in  this  position  the 
knee-joint  IS  extended  passively.  A  contraction  of  the  liamstrinss  'then 
sets  in,  which  causes  resistance  to  the  extension . 

t  A  congested  streak  produced  by  drawing  tlie  finger-nail  gently  over 
the  patient  s  thigh,  abdomen,  or  face.  In  cases  of  meningitis  this  appears 
earlier  (within  30  seconds),  lasts  longer  (8,  10,  or  15  minutes)  ami  is 
broader  and  of  deeper  colour  than  in  healthy  persons  ^"^1 
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tainty,  but  the  isolation  of  the  sick  from  the 
healthy  should  be  practised  and  disinfection  carried 
out. 

Pneumonia  occasionally  occurs  in  an  epidemic 
form,  and  in  many  instances  has  shown  distinctly 
infectious  properties  without  attaining  epidemic  pro- 
portions. Epidemic  pneumonia  is,  with  few  exceptions, 
of  the  "  ci'oupous  "  or  "  fibrinous  "  form,  but  it  is  not 
certain  that  all  cases  of  sporadic  croupous  pneumonia 
are  due  to  infection,  or  that  infectious  pneumonia  is 
always  caused  by  the  same  virus.  Infectious  pneu- 
monia is  very  often  limited  to  the  upper  lobe,  and 
often  accompanied  by  pleurisy  or  empyema.  Gastric 
symptoms,  diarrhoea,  and  jaundice  are  common,  and 
prostration  and  cerebral  symptoms  are  frequently  in- 
tense, out  of  proportion  to  the  physical  signs  of  pneu- 
monia. The  latter  may  be  delayed  for  days  after  the 
onset.  The  mortality  is  often  high,  and  usually  so  in 
outbreaks  limited  to  a  few  persons.  Epidemics  have 
been  described  in  considerable  numbers  in  England 
and  various  other  parts  of  Europe  during  the  last  two 
centuries.  Although  more  frequent  in  temperate 
climates,  many  are  recorded  in  the  West  Indies, 
Mexico,  Peru,  and  India.  Nearly  all  occur  in  winter 
or  spring,  and  the  seasonal  curve  of  epidemic 
prevalence  coincides  pretty  closely  with  that  of 
pneumonia  mortality,  which  has  its  maximum  in 
December,  and  is  high  from  November  to  April. 
Hence  the  prevalence  of  pneumonia — epidemic  or 
otherwise — is  associated  with  the  colder  months,  and 
a  closer  analysis  shows  that  in  each  climate  the 
greatest  prevalence  of  pneumonia  occurs  at  the  season 
of  most  rapid  and  sudden  changes  of  temperature,  be 
it  winter  or  spring  (Hirsch),  and  there  is  evidence 
tending  to  show  that  the  prevalence  varies  in  some 
measure  with  the  intensity  of  the  changes  of  tem- 
perature.    Epidemics  occurring  at  unusual  seasons 
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have  often  been  associated  with  unusual  meteorological 
conditions  of  the  same  kind. 

The  popular  belief  in  *'  chill  "  as  an  exciting  cause  of  pneu- 
monia cannot  be  entertained  as  regards  infectious  pneumonia, 
in  spite  of  the  strength  of  the  evidence  which  connects  pneu- 
monia outbreaks  with  the  weather  conditions  in  which  "chill  " 
is  believed  to  be  most  liable  to  occur.    Exposure  to  sudden 
changes  of  temperature  or  extreme  cold  may  increase  the 
activity  of  infection  or  the  susceptibility  of  the  individual,  but 
nothing  more.    If,  however,  there  is  a  non-infectious  and  non- 
specific croupous  pneumonia,  the  question  of  "  chill  "  may  be 
argued  upon  different  lines.    It  is  said  that  croupous  pneu- 
monia has  been  produced  by  injecting  irritants  into  the  luno-s 
of  dogs,  by  mechanical  injury  to  lung  tissue,  by  experimentalFy 
injuring  parts  of  the  nervous  system,  and  by  various  other 
mechanical  means,  which  may  be  admitted  as  establishing  some 
sort  of  prima-facie  possibility  of  like  effect  from  sudden  change 
qi  temperature,  especially  as  the  whole  mortality  attributed  to 
pneumonia  (and  not  merely  that  part  which  is  already  recoo-- 
nized  as  due  to  an  infectious  form  of  the  disease)  reaches  its 
maximum  at  times  of  greatest  liability  to  "chill."    On  the 
other  hand,   attempts  to  produce  pneumonia  by  exposino- 
animals  to  sudden  alternations  of  temperature  have  uniformly 
ended  in  failure,  and  even  traumatic  pneumonia  may  conceiv- 
ably be  dependent  upon  the  co-operation  of  specific  microbes 
accidentally  gaining  access  to  the  injured  tissue. 

There  are  now  on  record  many  instances  of  out- 
breaks of  pneumonia  which  remain  limited  to  a  sino-le 
household  or  a  small  circle,  but  in  which  nevertheless 
the  evidence  points  strongly  to  infection. 

Nothing  conclusive  has  been  established  as  regards 
the  influence  of  rainfall  or  telluric  conditions  upon 
pneumonia,  although  it  has  been  asserted  that  absence 
of  rain  (dry  cold)  and  low  level  of  subsoil  water  are 
favourable  conditions. 

Sex.^Males  are  far  more  liable  to  pneumonia 
than  females,  but  the  attacks  are  usually  less  severe 
and  less  fatal.  In  the  Middlesbrough  epidemic  of  1 888 
Ballard  found  that  the  female  case  mortality  only 
exceeded  the  male  at  ages  above  sixty-five  years 
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Both  the  liability  to  attack  and  the  average  case 
mortality  increase  greatly  as  age  advances.  In  child- 
hood and  old  age  the  mortality  is  highest,  and  urban 
death-rates  are  usually  in  excess  of  rural. 

Predisposing  causes.— All  depressing  conditions 
predispose  to  attack  during  epidemic  prevalence,  among 
them  fatigue,  anxiety,  poverty,  and  debility  from  any 
cause.  Insanitary  conditions,  especially  tilth,  over- 
crowding, and  want  of  ventilation,  act  apparently  as 
powerful  but  not  indispensable  predisposing  causes. 
EfSuvia  from  graveyards  have  also  been  held  respon- 
sible for  outbreaks.  Repeated  outbreaks  have  some- 
times been  observed  in  the  same  buildings,  especially 
barracks  and  prisons.  In  many  extensive  epidemics  it 
has  been  found  that  those  streets  or  houses  suffered 
most  which  were  in  the  worst  sanitary  condition,  and 
outbreaks  in  barracks,  prisons,  and  ships  have  usually 
been  attributed  to  the  same  causes.  Such  conditions 
must  not  be  regarded  as  more  than  predisposing  causes 
in  any  case,  and  in  many  instances — notably  in  several 
of  the  small  outbreaks  of  infectious  pneumonia  limited 
to  one  household — they  are  conspicuously  absent. 
Negroes  are  especially  susceptible  to  pneumonia,  even 
in  their  native  climate. 

Bacteriology.— Friedlander's  oval,  capsulated 
pneumo-bacillus  is  found  in  large  numbers  in  the 
affected  lungs,  and  in  the  blood  and  sputa  in  croupous 
pneumonia  (but  not  in  acute  catarrhal  pneumonia  or 
septic  pneumonias).  It  was  fovind  in  abundance  in 
the  substance  of  the  floors  and  ceilings  of  rooms  in  a 
prison  at  Amberg  where  repeated  outbreaks  of  pneu- 
monia had  occurred  for  many  years  {Emmerich). 
Pneumonia  has  been  produced  in  rabbits  by  the  injec- 
tion of  cultivations.  On  the  other  hand  these  results 
have  been  disputed,  and  the  true  pathogenic  microbe 
asserted  to  be  Frankel's  small,  oval,  capsulated 
diplococcus,  which  is  non-motile,  non-liquefying  and 
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aerobic.  It  is  difficult  to  cultivate,  and  rapidly 
loses  virulence.  It  is  stained  by  Gram's  method, 
it  is  by  far  tlie  most  frequently  present  organism 
in  croupous  pneumonia,  and  may  be  present  in  other 
diseases  suppuration,  otitis  media,  ulcerative 
endocarditis,  and  meningitis. 

The   widespread   and   fatal   epidemic   that  oc- 
curred at  Middlesbrough  in  1888  was  investigated 

Q?m?n  ^'^^-^  ^  population  of 

J7,000,  369  ended  fatally,  the  case  mortality  being 
21  per  cent.    The  poorer  classes  suflfered  more  than 
the  wealthy,  and  cases  were  exceptionally  numerous 
and  severe  in  the  workhouse,  where  the  drainage  was 
very  faulty.    The  workhouse  children  suffered  six 
times  but  adults  only  one  and  a  half  times,  as  much 
as  the  corresponding  class  outside.    Exposure  and 
fatigue  seem  to  have  acted  as  predisposing  causes,  and 
many  apparent  instances  were  recorded  of  direct  in 
tection  from  contact  with  a  sick  person.    The  progress 
of  the  epidemic  seemed  to  be  arrested  by  heavy  rtins 
and  to  be  most  rapid  during  rainless  periods.  Klein 
found  neither  Friedlander's  nor  Frankel's  organisms 
but     arge   numbers   of    short    bacilli,    which  he 
named  Bacillus  2meumonice.    Inoculation  of  human 
lung-juice,  or  of  cultivations  of  the  bacillus  into 
mice   caused    an    acute    disease,    the    chief  and 
constant  lesion  of  which  was  pneumonia ;  further 
inoculations   from  such   mice   imparted   the  same 
disease  to  other  mice.    Samples  ot^acon  were 
chased  in  the  infected  districts,  and  it  was  found  hat 

11  wih  the  7"  ^         P^^P-^--  becan^ 

T  J;      /  symptoms  as  those  mentioned  above, 

llie  Bacilusp7ieumontcB  was  recoverable  by  cultivation 
from  their  tissues,  and  by  inoculation  the  disease 
could  be  transferred  to  other  mice.  Whether  ti  e 
bacon  had  or  had  not  beco.ne  infected  by  human  cases 
of  pneun,onia  is  not  clear,  but  it  ma/ be  Tus^ected 
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that  the  disease  was  capable  of  being  spread  by  means 
of  infected  food. 

The  incubation  appears  to  be  short,  frequently 
about  five  to  seven  days.  The  onset  is  sudden,  and 
usually  marked  by  rigors  and  severe  constitutional 
symptoms,  the  signs  of  pneumonia  being  often  delayed 
for  three  or  four  days.  The  fifth  day  is  often  fatal ; 
and,  on  the  other  hand,  crisis  often  occurs  on  or 
about  the  fifth,  seventh,  or  ninth  day,  but  sometimes 
the  course,  even  in  non-fatal  cases,  is  severe  and 
protracted,  the  sy  mptoms  being  of  a  "  typhoid " 
character.  Both  the  breath  and  the  sputa  may  be 
assumed  to  be  infective. 

The  mortality  varies  considerably,  but  is  usually 
high,  especially  "in  elderly  persons  and  in  the  out- 
breaks limited  to  a  narrow  circle.  In  some  epidemics, 
however,  it  has  been  as  low  as  5  per  cent. 

Epidemics  of  pneumonia  often  occur  coincidently 
with  outbreaks  of  other  diseases,  and  especially  enteric 
fever.  Pneumonia  is  a  common  complication  or 
sequela  of  enteric  fever,  and  it  has  been  suggested 
that  an  invasion  of  the  system  by  the  enteric  poison 
may  have  its  sole  manifestation  in  pneumonia,  the 
usual  intestinal  lesions  being  slight  or  absent. 

Tiiberciilosis  is  a  specific  and  infective  disease 
common  to  man  and  the  lower  animals.  The  princi- 
pal form  in  which  it  aflfects  man  is  pulmonary  tuber- 
culosis or  phthisis,  but  all  parts  of  the  body  are  liable 
to  be  invaded.  The  mortality  due  to  tuberculosis  is 
enormous,  but  does  not  admit  of  exact  statement, 
owing  to  imperfections  of  diagnosis,  nomenclature 
and  classification.  Pulmonary  phthisis  may  be  accepted 
as  a  fairly  well-defined  division,  although  undoubtedly 
it  is  made  to  include  a  certain  proportion  of  non- 
tubercular  destructive  diseases  of  the  lungs,  iuber- 
cular  meningitis  is  not  sufficiently  distinguished  in 
death-returns  from  other  diseases  that  are  attended 
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with  somewhat  similar  symptoms,  and  "  tabes  mesen- 
te  rica,"  which  is  classed  as  a  tubercular  disease,  in- 
cludes a  large  annual  number  of  deaths  amonsf  children 
irom  wasting  diseases,  of  which  no  exact  diagnosis  has 
been  made. 

Phthisis,  "consumption,"  or  pulmonary  tuber- 
culosis is  largely  dependent  upon  known  and 
remediable  conditions,  and  improved  hygiene  has 
led  to  a  steady  decline  in  mortality  from  this 
cause.  Nevertheless  it  still  ranks  among  the  most 
fatal  diseases,  especially  during  adult  life,  and  as 
recently  as  the  decennial  period  1891-1900  it  was 
the  recorded  cause  of  one-twelfth  of  the  whole 
mortality  in  England,  and  of  about  thirty  per  cent, 
of  the  deaths  at  ages  between  twenty  and  forty-five. 

Its  geographical  distribution  is  almost  world- 
wide, ^  Neither  hot  nor  cold  climates  are  exempt,  but 
humidity,  especially  if  the  daily  range  of  temperature 
is  high,  is  frequently  associated  with  prevalence  of 
phthisis.    Cold,  and  especially  Arctic  countries,  suffer 
comparatively  little  as  a  rule,  and  the  exceptions 
are    mostly    explicable    by    social    conditions  in- 
volving   overcrowding    and    want    of  ventilation. 
Other  things  being  equal,  elevated  and  mountainous 
regions  are  less  affected  than  lowlands,  owing,  it  is 
believed,  to  the  dryness  and  purity  of  the  air  and 
soil,  and  the  fuller  and  deeper  respiratory  move- 
ments.   A  general  relation  between  dampness  of  soil 
and  prevalence  of  phthisis   has  been   affirmed  by 
Buchanan*  in  England  and  Bowditch  in  America. 

*  The  mortality  statistics  of  tlie  decennium  1851-60  for  Surrey  Kent 

^Se^r^SZ^^'l^l  °"  Pe-ious  spoils    I'sVn  Sloping 

SraVa^reementin  nht,  "';Pf^'?"s     ils.    Buchanan  also  found  a 

o'un,'  L°ced"  n  s°  h  r;\S-"atl"ftr^'''^^'     ^^f^^^s  differently  elr^ 
t..e  degree  of  ^Z^^^S^ ^i^:^^^:^^^^^ 
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Considerable  and  early  reduction  in  phthisis  mortality 
has,  in  many  instances,  followed  artificial  drainage 
of  damp  localities.  In  Ely  the  reduction  was  47 
per  cent.,  and  in  Salisbury  49  per  cent.,  but  at 
Ashby-de-la-Zouch,  Alnwick,  and  Carlisle,  Buchanan 
found  an  increase  coincident  with  drainage  of  the 
towns,  and  the  same  was  observed  at  Danzig  and 
elsewhere.  In  several  of  these  cases,  however,  the 
local  conditions  were  such  that  the  drainage  works 
did  not  materially  dry  the  soil. 

Towns  suflFer  more  than  rural  districts,  and  there 
is  a  close  relation  between  density  of  population  and 
phthisis  mortality,  due  to  the  co-operation  of  several 
causes,  chief  among  which  are  overcrowding,  poverty, 
and  stagnation  and  impurity  of  air.  The  heaviest 
incidence  is  upon  the  poorer  classes,  and  especi- 
ally those  living  in  narrow  streets,  alleys  and 
courts,  and  in  back-to-back  houses.  Conditions 
inside  the  houses  such  as  overcrowding  and  want 
of  ventilation  are  even  more  potent,  and  i-epeated 
experience  in  barracks,  workhouses,  prisons,  and  other 
public  institutions,  as  well  as  in  ships,  has  shown  that 
with  improved  ventilation  and  ampler  air-space  the 
mortality  from  phthisis  is  greatly  reduced.  Among 
nomadic  races  the  disease  is  rare. 

Predisposing  conditions. — Many  trades  have  a 
tendency  to  induce  phthisis  (potmen,  cutlers,  tin,  lead 
and  copper  miners,  bookbinders,  printers,  hairdressers, 
etc.),  and  especially  those  industries  which  are  carried 
on  in  overcrowded,  hot,  moist  workrooms,  or  which 
charge  the  air  with  mineral  or  organic  dust  of  an 
irritating  kind.  Exposure  to  rapid  alternations  of 
temperature  is  very  injurious.  Greenhow  attached 
much  importance  to  a  stooping  or  cramped  posture 
at  work,  as  predisposing  to  phthisis. 

Among  other  predisposing  conditions,  intemperance 
and  debilitating  causes  of  all  kinds  are  important. 
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Brouardel  considers  that  "alcoholism  is  the  most 
potent  factor  in  propagating  tuberculosis,"  and  he 
quotes  Baudran  as  showing  that  the  deaths  from 
tuberculosis  per  10,000  rise  in  proportion  to  the  annual 
consumption  of  litres  of  alcohol  per  head.  In  this 
country  the  Registrar-General  has  shown  that  more 
than  one  quarter  of  the  deaths  of  innkeepers  and  their 
servants  in  London  result  from  phthisis ;  more  than 
one-third  of  the  deaths  of  public-house  servants, 
barmen,  and  potmen  in  London  are  due  to  phthisis  ; 
and  the  mortality  from  this  disease  among  London 
innkeepers  and  their  servants  is  more  than  twice  as 
great  as  that  among  all  occupied  males,  and  the 
mortality  amongst  the  servants  alone  is  more  than 
three  times  as  great.  No  doubt  some  of  this  mortality 
is  due  to  inhalation  of  tuberculous  dust  from 
dried  sputum.  Then  there  is  the  lowering  effect  of 
previous  disease.  Attacks  of  pleurisy,  bronchitis,  or 
pneumonia  increase  the  liability  to  phthisis,  and  so, 
too,  do  many  forms  of  specific  fever  (notably  measles' 
whooping-cough,  and  enteric  fever),  and  other  diseases, 
for  example  diabetes  and  insanity.  The  low  phthisis 
mortality  among  fishermen,  agricultural  labourers, 
and  others  following  essentially  out-door  employ- 
ments, seems  to  indicate  that  exposure  to  weather 
has  been  overrated  as  a  predisposing  cause,  for  this 
condition  in  a  great  measure  implies  abundance  of 
fresh  air. 

No  race  is  exempt,  but  among  Jews  phthisis 
appears  to  be  rare,  and  this  comparative  immunity 
has  been  partly  attributed  to  the  care  that  is  taken 
m  the  selection  of  animals  slaughtered  for  food. 
Natives  of  hot  countries  migrating  to  cold,  damp 
chmates  are  very  prone  to  phthisis. 

The  tendency  to  phthisis  may  be  inherited,  in  the 
form  of  constitutional  weakness,  or  of  a  narrow  con- 
tracted chest.    Whether  heredity  can  do  more  than 
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strongly  predispose  to  the  disease  is  very  doubtful. 
Tubercle  has  in  rare  instances  been  found  in  children 
within  a  few  days  of  birth,  and  even  in  the  foetus. 
Various  observers  have  obtained  evidence  of  parental 
phthisis  in  from  15  to  30  per  cent,  of  the  cases  coming 
under  their  notice,  but  this  proportion  is  scarcely 
sufficient  to  establish  the  proof  of  heredity.  A  family 
history  of  phthisis  is  obtainable  in  50  per  cent,  of 
hospital  cases  of  this  nature. 

Mortality. — Rightly  or  wrongly,  a  large  but  de- 
creasing number  of  deaths  of  young  children  under 
five  years  of  age  is  attributed  to  phthisis.  The 
annual  mortality  per  million  living  at  ages  under 
five  years  was  973  in  1861-70,  770  in  1871-80, 
535  in  1881-90,  and  413  in  1891-1900.  From  five 
to  ten  years  the  mortality  is  at  a  minimum,  and 
then  rises  steadily  to  its  maximum  at  ages  between 
35  and  45,  after  which  it  declines  again  as  age 
advances. 

The  phthisis  mortality  has  fallen  during  the  past 
half  century  by  more  than  50  per  cent,  at  all  ages 
and  by  about  70  per  cent,  at  ages  0-25,  From  that 
age  onwards  the  fall  has  been  considerably  less 
marked,  and  has  been  more  pronounced  in  females 
than  in  males.  Generally  speaking,  the  decline  since 
1861  has  been  due  to  improved  sanitation,  nutri- 
tion, and  social  conditions,  combined  with  increased 
knowledge  as  to  infection  and  the  influence  of  in- 
stitutional and  sanatorium  segregation  of  infectious 
cases. 

Sex. — The  influence  of  sex  is  very  marked,  but  is 
to  be  explained  for  the  most  part  by  diff"erences  of 
surroundings  rather  than  by  variation  in  natural  sus- 
ceptibility. In  proportion  to  their  numbers  males 
suffer  a  higher  phthisis  mortality  than  females  at 
all  ages  except  between  5  and  25  years.  While 
the  mortality  is  decreasing  rapidly  in  both  sexes, 


XIIl] 


PHTHISIS 


457 


the  decline  among  females  is  greater  than  that 
among  males. 


Phthisis  Mortality  in  Enuland  and  Wales,  1851-1900  (per 
1,000  living). 


Decennia. 

Males. 

Females. 

Total. 

1851-60 

2-6 

2-8 

2-r 

1861-70 

2-5 

2-5 

2-5 

isn-m 

2-2 

2-0 

2-1 

1881-90 

1-8 

1-6 

1-7 

1891-1900  . 

1-5 

1-2 

1-3 

In  Lotidon  also  there  has  been  a  steady  decline. 
In  1910  the  phthisis  death-rate  was  I'li  per  1,000, 
or  0"24  below  the  average  rate  in  the  five  preceding 
years.  In  1910,  when  the  phthisis  death-rate  was 
1'14  for  the  whole  of  London,  it  was  as  low  as  0*55 
in  Hampstead,  and  as  high  as  1-74  in  Southwark  and 
1-98  in  Holborn. 

Deaths  from  phthisis  are  most  frequent  in  spring 
(March  and  April),  and  least  so  in  autumn  (September 
and  October).  The  seasonal  curve  of  mortality  is 
therefore  later  than  in  the  ordinary  respiratory 
diseases,  but  it  serves  to  indicate  seasonal  conditions 
accelerating  death  rather  than  those  primarily  induc- 
ing a  disease  of  long  and  uncei-tain  course. 

Bacteriology — The  pathogenic  microbe  of  tuber- 
culosis, discovered  by  Koch  in  1882,  is  a  motionless, 
slender,  beaded  bacillus  which,  under  suitable  con- 
ditions^ forms  spores.  The  bacilli  are  very  slow  in 
growth  and  multiplication,  taking  one,  two,  or  even 
three  weeks  to  form  a  colony  on  artificial  media,  and 
they  require  for  that  purpose  a  somewhat  high  tem- 
perature, which  must  further  be  maintained  within 
narrow  limits,  about  37°  to  39°  C.  A  peculiarity  that 
distinguishes  them  from  all  other  bacilli  except  those 
of  leprosy  and  syphilis  is  that  after  staining  with 
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fuchsin  they  are  not  decolorized  by  nitric  acid  (Ziehl- 
Neelsen  method).  They  are  therefore  termed  acid-fast. 
There  are  in  addition  to  the  tubercle  bacillus  a  group 
of  acid-fast  bacilli  allied  to  the  streptothrix  family. 
They  possess,  however,  characters  which  differentiate 
them  from  the  tubercle-bacillus.  These  latter  bacilli 
are  found  in  all  tuberculous  lesions,  both  in  man  and 
the  lower  animals.  They  have  been  found  also  in  the 
blood,  and  in  certain  secretions  (milk),  and  they 
abound  in  phthisical  sputa.  Cultivations  if  inocu- 
lated or  injected  into  susceptible  animals  I'eproduce 
the  disease.  The  bacilli  are  readily  desti'oyed  by 
many  chemical  or  thermic  means,  and  by  prolonged 
exposure  to  sunlight,  but  the  spores  are  tenacious  of 
vitality. 

The  Royal  Commission  on  Tuberculosis  (1911) 
distinguished  three  types  of  tubercle  bacilli — human, 
bovine,  and  avian — differentiated  by  cultural  characters 
and  effect  on  animals.  Man  can  be  infected  by  the 
bovine  or  the  human  bacillus  or  both. 

Tuberculin  Koch  found  that  by  growing  the 

tubercle  bacillus  in  alkaline  veal  peptone  broth  with 
glycerine  for  6-8  weeks  a  toxic  fluid  was  obtained. 
After  filtration  and  concentration  by  evaporation  to 
one-tenth  its  bulk,  tiibercidin  was  obtained  (con- 
taining alkaloids,  albumoses  and  extractives).  Subse- 
quently Koch  took  highly  virulent  cultures  of  the 
bacillus,  dried  them  in  vacuo,  and  triturated  them. 
The  resulting  powder  was  treated  with  sterile  water  and 
centrifugalized.  The  supernatant  fluid  was  removed 
and  20%  of  glycerine  added  (=Tuberculin  O  (t.o.)  ; 
or  Oberer  tuberculin).  The  solid  residue  was  simi- 
larly treated  separately  (=Eesidual  tuberculin  (t.r.)). 
A  third  modification  was  obtained  by  extracting  dried 
tubercle-bacilli  with  decinormal  soda  solution  (= 
Tuberculin  alkalinum  (t.a.)).  Other  forms  have  also 
been  produced  (tuberculocidin,  antiphthisin,  tuber- 
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culase,  bovine  tuberculin,  etc.).  Tuberculin  has  been 
used  for  diagnostic  and  therapeutic  purposes.  For  the 
former,  cutaneous  reaction  (Von  Pirquet),  percutaneous 
reaction  (Moro)  and  ophthalmic  reaction  (Calmette) 
are  the  common  methods  in  which  t.o.  is  used ;  as  a 
therapeutic  agent  it  has  been  used  subcutaneously  in 
local  and  incipient  tuberculosis  with  some  success. 
Various  anti- tuberculous  sera  (Marmorek's,  Marag- 
liano's,  etc.)  have  been  invented  and  used,  but  hitherto 
with  small  success. 

Mode  of  infection — Tuberculosis  can  be  acquired 
by  inoculation,  inhalation,  or  swallowing.  Inocula- 
tion is  comparatively  rare,  and  usually  causes  a 
local  lesion  only.  Inhalation  would  seem  to  be 
by  far  the  most  common  source  of  infection.  The 
bacilli,  or  rather  their  spores,  are  found  in  air- 
borne dust,  especially  in  rooms  inhabited  by  phthisical 
persons.  The  daily  sputa  of  a  single  patient  may 
contain  many  millions  of  bacilli,  and  drying  for 
months  will  not  destroy  their  virulence.  The  preva- 
lence of  the  pulmonary  form  of  tuberculosis,  and  its 
close  relation  to  air-conditions,  are  not  without  signi- 
ficance, as  pointing  to  air-borne  infection.  A  further 
analogy  to  the  ordinary  infectious  diseases  is  to  be 
found  in  the  strong  evidence  which  has  been  adduced 
by  Ransome  and  others  to  show  that  tuberculosis 
attaches  itself  to  particular  small  localities  {"  Tuber- 
culous Infective  Areas"),  houses,  and  even  rooms. 
The  bacilli  have  been  found  not  only  in  the  air  and 
dust,  but  in  the  walls  of  rooms  occupied  by  phthisical 
persons.  Coates  investigated  this  point  in  houses  in 
Manchester,  in  1900,  with  the  following  results  :  

1.  Dirty  houses  in  which  a  consumptive  patient 
IS  hvmg  who  takes  no  precautions  to  dispose  of  his 
expectoration,  but  spits  freely  upon  the  floor  and  into 
his  pocket  handkerchief  :  In  66-6  per  cent,  of  these 
houses  virulent  tubercle  bacilli  were  found,  showint^ 
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the  large  amount  of  dangerous  infective  material 
present  in  an  infected  house. 

2.  Clean  houses  in  which  a  patient  is  living  who 
is  not  sufficiently  careful  as  to  the  disposal  of  his 
sputa  :  In  50  per  cent,  of  these  instances  the  bacillus 
was  found.  It  is  evident  that  ordinary  household 
cleanliness  alone  is  insufficient  to  prevent  the  accumu- 
lation of  infective  material  in  rooms  occupied  by  a 
consumptive. 

3.  Very  dirty  houses  in  which  there  had  been  no 
case  of  consumption  for  some  years  :  In  this  class 
of  house  no  tubercle  bacilli  were  present,  showing 
that  virulent  dust  found  in  classes  1  and  2  must 
have  been  due  to  the  presence  of  the  consumptive 
patient. 

Niven  examined  the  records  of  5,000  deaths  from 
this  cause  in  Oldham,  and  found  that  whereas  the 
mathematical  probability  was  that  68  houses  would 
be  invaded  twice,  and  7*6  three  times,  the  actual 
numbers  were  274  and  24  respectively.  Many 
other  workers  have  confirmed  this.  The  endemic 
areas  occur  chiefly  in  the  worst  parts  of  towns,  when 
the  predisposing  conditions  already  referred  to  exist  in 
maximum  intensity.  Whenever  tuberculous  sputum 
is  allowed  to  dry  the  risks  are  therefore  great  that  the 
dust  so  produced  may  be  inhaled  in  a  virulent  form, 
and  lodging  at  one  or  more  points  may  set  up  varying 
degrees  of  tuberculosis.  This  broad  fact  is  based 
upon  expeiamental  and  clinical  evidence.  Tubercu- 
losis has  been  produced  experimentally  in  animals  in 
this  way,  and  there  is  clinically  the  overwhelming 
frequency  of  tuberculosis  of  the  lungs  among  men 
exposed  to  this  form  of  infection.  But  Koch, 
Fliigge,  and  others  have  shown  that  not  only  is 
sputum  a  source  of  infection  when  dried  and  pul- 
verized, but  also  when  disseminated  by  coughing, 
shouting,  etc.,  in  the  form  of  minute  moist  particles  of 


XIIl] 


PHTHISIS 


461 


spray.*  Koch  exposed  rabbits,  guinea-pigs,  rats,  and 
mice  to  an  infected  spray  for  half  an  hour  on  three 
successive  days,  and  produced  tuberculosis  in  every 
animal.  Heymann  found  that  such  spray  particles 
from  human  beings  inoculated  into  guinea-pigs  pro- 
duced tuberculosis.  Most  of  the  droplets  are  large 
and  settle  i-apidly,  but  some  may  remain  suspended  in 
the  air  for  more  than  an  hour,  retaining,  of  course, 
their  virulent  properties.  Heymann  found  the  dui^a- 
tion  of  life  of  the  bacilli  in  these  droplets  was  eighteen 
days  in  the  dark,  and  three  days  when  exposed  to 
light.  In  ordinary  circumstances  and  with  an  absence 
of  draughts,  the  zone  of  danger  from  a  coughing  con- 
sumptive extends  to  a  distance  of  about  three  feet. 
It  must  be  remembered  that  the  tubercle  bacilli  in  the 
moist  particles  of  "  cough-spray "  are  probably  of 
higher  virulence  than  those  in  dried  sputum  dust,  and 
therefore  it  seems  i-easonable  to  suppose  that  the 
cough-spray  is  one  of  the  most  ready  modes  of  infec- 
tion. The  degree  of  infectivity  of  phthisis  is  not, 
however,  a  very  high  one.  It  is  a  true  infective 
disease,  but  only  a  sub-infectioiis  one. 

There  is  still  much  doubt  as  to  the  frequency  of 
direct  infection  from  person  to  person,  but  none  as  to 
its  occasional  occurrence,  or  as  to  the  fact  that  almost 
all  persons  must  frequently  inhale  and  swallow  living 
tubercle-bacilli.  Fortunately  the  microbe  is  very 
slow  in  its  development,  and  exacting  in  its  require- 
ments as  to  temperature  and  surroundings,  so  that  the 
vast  majority  that  gain  entrance  to  the  respiratory 
tract  are  expelled  or  perish.  The  long  duration  of 
the  disease,  the  wide  and  general  diffusion  of  the 
virus,  the  paramount  importance  of  predisposing  con- 

*  Mervyn  Gordon  in  this  counlry  has  confirmed  these  results  by- 
applying  a  streptococcus  test  for  saliva  (in  which  secretion  10  million 
streptococci  per  c.c.  may  commonly  occur).  He  finds  that  during  loud 
speaking  bacteria  may  be  projected  by  means  of  salivary  spray  a  distance 
of  40  ft. 
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ditions,  and  the  difficulty  of  infection  in  their  absence, 
all  combine  to  render  obscure  the  time  and  source  of 
infection.  Statistics  are  inconclusive  even  in  regard 
to  transmission  of  phthisis  between  husband  "and 
wife. 

We  have  previously  referred  to  the  conveyance  of 
tuberculosis  by  milk  and  meat  {see  p.  112).  The 
risk  of  contracting  the  disease  by  consuming  tuber- 
culous milk  and  meat  is  undoubted,  but  the  disease 
does  not  appear  to  be  widely  spread  by  these  means. 
As  regards  milk,  all  danger  of  infection  may  be 
obviated  by  boiling,  and  prevented  by  using  milk 
from  tubercle-free  herds  only  (tested  by  tuberculin). 
The  cooking  to  which  meat  is  subjected  is  frequently 
insufficient  to  destroy  bacilli  that  may  be  pi'esent  in 
the  deeper  parts. 

The  heavy  mortality  among  children  from  tabes 
mesenterica  {tubercular  peritonitis)  and  tubercular 
meningitis  is  urged  as  a  confirmation  of  the  extreme 
prevalence  of  tubercular  disease,  but  it  is  probable 
that  both  of  these  terms  are  employed  in  the  loosest 
way  in  making  out  certificates,  and  it  would  not  be 
safe  to  place  much  reliance  upon  the  tubercular 
nature  of  the  majority  of  the  cases  so  certified. 
The  former  disease  {tubercular  joeHtom'^zs)  has 
been  attributed  to  the  consumption  by  children 
of  tuberculous  milk.  Still,  however,  has  shown  that 
the  commonest  channel  of  infection  in  tuberculosis 
of  children  is  through  the  lung,  and  that  infection 
though  the  intestine,  as  would  occur  if  it  were  milk- 
borne,  is  less  common  in  infancy  than  in  later  child- 
hood. There  is,  however,  substantial  evidence 
that  tuberculous  milk  can  and  does  set  up  some  form 
of  tuberculosis  (bovine  or  human)  in  the  bodies  of 
persons  consuming  it. 

Tuberculosis  often  ends  in  recovery.  The  records 
of  long  series  of  autopsies  of  persons  who  have  died 
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of  other  diseases  show  that  traces  of  cured  phthisis 
are  found  in  a  proportion  variously  estimated  as 
25  per  cent,  and  upwards.  It  is  not  in  any  degree 
protective  against  a  further  attack. 

Bovine  and  human  tuberculosis.  —  Since  the 
discovery  by  Koch  in  1882  of  the  tubercle 
bacillus,  it  has  generally  been  held  that  tuber- 
culosis in  man  and  animal  is  one  and  the  same 
disease.  Yillemin  (1865)  was  the  first  to  maintain 
this  identity  on  the  results  of  inoculation  of  bovine 
and  human  tubercular  matter  into  small  animals. 
Chauveau  >(1868)  carried  out  similar  experiments 
upon  cattle.  Both  workers  were  successful  in  trans- 
mitting the  disease,  which  produced  similar  efiects  in 
the  inoculated  animals.  Many  other  workers  have 
obtained  like  results,  which  were  more  or  less  uni- 
formly in  support  of  the  identity  of  bovine  and  human 
tuberculosis.  The  Royal  Commission  on  Tuberculosis, 
1895,  said:  "We  regard  the  disease  as  being  the 
same  disease  in  man  and  the  food  animals,  no  matter 
though  there  are  differences  in  the  one  and  the  other 
in  their  manifestations  of  the  disease;  and  we 
consider  the  bacilli  of  tubercle  to  form  an  integral 
part  of  the  disease  in  each,  and  (whatever  be  its 
origin)  to  be  transmissible  from  man  to  animals  and 
from  animals  to  animals.  Of  such  transmission  there 
exists  a  quantity  of  evidence,  altogether  conclusive, 
derived  from  experiment." 

It  was,  however,  conceded  on  all  hands  that 
tuberculosis  was  a  more  virulent  disease  in  animals 
than  in  man,  and  that  the  bacillus  in  the  two 
species  differed  in  morphological,  cultural,  and  patho- 
logical properties.  In  1901,  at  the  London  Con- 
gress on  Tuberculosis,  Koch  expressed  the  opinion 
that,  "human  tuberculosis  differs  from  liovine,  and 
cannot  be  transmitted  to  cattle,"  and  that  bovine 
tuberculosis  was  scarcely,  if  at  all,  transmissible  to 
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man.  On  the  same  occasion  counter-evidence  was 
produced  by  MacFadyean,  Ravenel,  Crookshank,  and 
many  others. 

Koch,  based  his  opinion  upon  the  negative  results  which 
followed  the  feeding  of  6  cows  with  human  tubercular  sputum, 
making  4  others  inhale  human  tubercle  bacilli  and  otherwise 
infecting  9  more.  None  of  the  19  cattle  suffered,  and  no 
tuberculosis  was  found  in  their  body  tissues  post-mortem. 
When,  however,  such  cattle  were  infected  with  bovine  disease 
they  contracted  it.  S  wine  were  also  fed  in  a  similar  way,  with 
like  results. 

In  1902  Koch  again  emphasized  the  comimrative  rarity  of 
primary  intestinal  tuberculosis  in  the  human  being,  and  the 
local,  as  distinguished  from  the  general,  infective  nature  of 
accidental  bovine  inoculation  of  man  [tuberculosis  verrucosa 
cutis).  In  isolated  cases  the  nearest  lymph -glands  might 
become  affected,  but  the  disease  remained  nevertheless  a  local 
one.  Koch  further  expressed  the  view  that  if  bovine  tubercu- 
losis was  transmissible  to  man  by  means  of  the  milk  of  cows 
with  tuberculous  udders,  it  would  be  reasonable  to  suppose 
that  "  groups  of  illnesses  "  would  occur,  in  a  manner  analogous 
to  other  infective  diseases,  though  the  circumstances  would 
differ  owing  to  the  different  length  of  the  incubation  periods. 
To  carry  conviction  as  to  milk-borne  tuberculosis,  Koch  main- 
tained that  the  following  conditions  must  be  fulfilled:  (i.) 
Certain  proof  of  tubercle  in  the  person  affected  ;  (ii.)  exclusion 
of  other  sources  of  infection;  (iii.)  the  condition  of  all  the 
consumers  of  the  suspected  milk  ;  (iv.)  the  exact  source  of  the 
suspected  milk,  particularly  in  respect  to  the  disease  of  the 
udder  of  the  cow  yielding  the  milk.  Finallj^  he  concluded 
that  all  that  can  be  said  was  that  the  injurious  effects  of  milk 
infected  with  bovine  tuberculosis  and  its  products  are  not 
proven. 

As  a  result  of  the  wide  differences  of  opinion 
revealed  by  the  pronouncement  of  Koch's  views, 
special  Commissions  of  Inquiry  were  instituted  in 
Germany,  Great  Britain,  and  other  countries,  in 
addition  to  the  individual  research  work  carried  out 
by  many  workers. 

Kossel,  Weber,  and  Heuss,  who  carried  out  a 
comparative  research  upon  tubercle  bacilli  of  different 
origins  for  the  German  Imperial  Health  Office,  made 
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a  number  of  experiments  on  calves  by  injecting  some 
forty  different  strains  of  human  bacilli  and  fifteen 
strains  from  cows,  fowls,  and  swine.  They  concluded 
(1904)  that  in  a  preponderating  number  of  cases  of 
human  tuberculosis  bacilli  occur  which  were  found 
distinguishable  from  the  bovine  bacilli  of  perlsucht 
morphologically,  culturally,  and  in  pathogenic  pro- 
perties, but  that  exceptionally  in  man  tubercle  bacilli 
occur  which  cannot  be  distinguished.  They  hold  that 
the  possibility  of  infection  in  man  in  certain  circum- 
stances by  milk  from  tuberculous  udders  is  proved. 
They  found  that  generalized  tuberculosis  was  produced 
in  animals  by  injecting  strains  of  tubercle  bacilli 
obtained  from  tuberculous  diseases  in  children. 

A  Royal  Commission  was  also  appointed  in  this 
country,  and  in  an  interim  report  (1907)  concluded  that 
bovine  and  human  tuberculosis  was  generically  one 
and  the  same  disease,  though  wide  variation  in  decree 
of  virulence  may  occur  ;  that  the  human  body  can  be 
infected  by  the  bovine  tubercle  bacillus  and  the  bovine 
body  by  the  human  tubercle  bacillus  ;  that  in  a  certain 
number  of  cases  human  tuberculosis,  especially  in 
children,  is  the  direct  result  of  the  introduction  of 
the  bovine  bacillus,  introduced  in  the  majority  of  cases 
through  cow's  milk;  that  "cow's  milk  containing 
bovine  tubercle  bacilli  is  clearly  a  cause  of  tuberculosis, 
and  of  fatal  tuberculosis  in  man  "  ;  that  a  very  laro-e 
proportion  of  tuberculosis  contracted  by  ingestion  Is 
due  to  tubercle  bacilli  of  bovine  source ;  that  a  very 
considerable  amount  of  disease  and  loss  of  life 
especially  among  the  young,  must  be  attributed  to  the 
consumption  of  cow's  milk  containing  tubercle  bacilli  • 
and  that  on  this  account  the  findings  of  the  Com- 
mission point  clearly  to  the  necessity  of  measures  more 
stringent  than  those  at  present  enforced  being  taken 
to  prevent  the  sale  or  consumption  of  such  mifk.* 

♦  Second  Report  Royal  Coniuii.ssiou  ou  Tuberculosis,  1907,  pp.  20-37. 
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The  Third  Report  (1909)  dealt  with  certain  con- 
ditions of  the  tuberculous  cow  which  rendered  her 
milk  infectious.  The  Final  Report  (1911)  concluded 
that  there  were  three  types  of  tubercle  bacilli,  bovine, 
human,  and  avian ;  that  the  first  two  forms  produce 
disease  in  man  ;  that  the  two  types  are  varieties  of 
the  same  bacillus,  and  the  lesions  which  they  produce 
in  man  or  animal  are  manifestations  of  the  same 
disease ;  that  there  is  insufficient  evidence  to  deter- 
mine whether  avian  tuberculosis  is  the  same  disease 
as  bovine  or  human  tuberculosis  ;  that  mammals  and 
man  can  be  reciprocally  infected  with  the  disease ; 
that  a  considerable  proportion  of  tuberculosis  in 
children  is  of  bovine  origin,  more  particularly  that 
which  affects  primarily  the  abdominal  organs  and 
cervical  glands,  and  is  derived  from  cows'  milk. 
The  Commission  "  urge  action  in  order  to  avert  or 
minimize  the  present  danger  arising  from  the  con- 
sumption of  infected  milk." 

Means  of  prevention. — First  among  the  means  of 
prevention  stand  good  personal  health  and  resist- 
ance, improvement  in  the  sanitary  environment, 
and  educational  measures,  comprising  instruction  of 
the  general  community,  those  directly  exposed  to 
infection,  and  those  already  tuberculous.  Nor  must 
the  teaching  of  school  hygiene  be  neglected.  Kno^y- 
ledge  of  the  conditions  under  which  tuberculosis 
is  transmitted,  of  the  channels  of  infection,  of  the 
appropriate  destruction  of  sputum,  etc.,  is  most 
desirable.  This  knowledge  should  be  conveyed  in 
a  personal  and  practical  way.  Secondly,  early 
diagnosis,  by  means  of  bacteriological  and  clinical  ex- 
amination, is  of  great  importance  as  a  preventive 
measure.  Medical  inspection  of  school  children  also 
has  its  place  in  the  early  detection  of  the  disease 
and  particularly  in  such  treatment  as  the  removal 
of  adenoids  and  the  reduction  of  measles.  Thirdly, 
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notification  of  cases  of  pulmonary  tuberculosis  to  the 
local  medical  officer  of  health  is  a  practice  coming 
much  into  vogue,  either  under  compulsory  powers 
in  certain  towns  or  under  a  voluntary  system  of 
notification.  Compulsory  notification  is  now  opera- 
tive in  Poor  Law  and  hospital  cases,  and  other  pre- 
ventive means  are  provided  (see  p.  513).  Fourthly, 
there  is  need  for  the  careful  investigation  of  each 
cas  ',  followed  by  advice,  cleansing,  disinfection,  the 
avoidance  or  removal  of  certain  channels  of  infection, 
and  the  provision  where  necessary  of  spit-bottles. 
Home  training  and  constant  supervision  are  often 
called  for  in  the  dealing  with  those  cases.  Fifthly, 
the  tuberculosis  dispensary  provides  a  means  for  in- 
vestigation and  treatment  of  infectious  cases  by  domi- 
ciliary visitation  by  nurses,  health  visitors  and  others. 

Lastly,  there  is  the  sanatorium.    Under  the  Public 
Health  Act  1875,  Section  131,  the  Sanitary  Au- 
thority has  power  to  provide  such  treatment  for 
patients,  whether  in  receipt  of  Poor  Law  relief  or 
not.     Huts,  tents,  isolation  hospitals  and  private 
houses  may  all  be  adapted  to  this  object,  and  under 
appropriate  management  yield  good  results  equally 
with  elaborately  equipped  sanatoria  in  ideal  situations. 
Sanatorium  treatment   may  arrest   or   cure  early 
phthisis,  and  aff"ords  isolation   and   education  for 
advanced  cases  (with  appropriate  after  supervision) 
Isolation  and  treatment  is  not  only  of  value  to  the 
patient,   but    aids    indirectly   in    protecting  the 
community.    Children  should  be  treated  in  separate 
sanatoria,  and  separate  arrangements  should  be  made 
for  advanced  cases.    The  sanatorium  for  early  cases 
should  provide  for  the  open-air  life,  ample  food,  and 
graded  exercises  and  occupation,  increasing  as  the 
patient  becomes  cotivalescent.    The  length  of  resi 
dence  will  necessarily  vary,  but  for  the  patient's  sake 
should  not  be  less  than  about  six  months.    If  cases 
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are  properly  selected  they  should  be  retained  until 
sufficiently  recovered  to  return  to  work  and  ordinary 
life  or  to  an  intermediate  institution.  The  desirable 
sequence  is  tuberculosis  dispensary  (for  early  diag- 
nosis and  home  treatment)  followed  by  sanatoria 
having  farms  and  colonies,  and  eflfective  after  care 
arrangements.  The  cost  of  sanatoria  pe^^  bed  depends 
largely  upon  cost  of  land,  water  supply,  sewage  farm, 
electric  light,  etc.,  as  well  as  upon  type  of  building. 
To  be  thoroughly  effective  a  sanatorium  requires 
ample  area.  Temporary  buildings  cost  from  £250- 
£300  per  bed  (including  land,  administrative  buildings, 
etc)  ;  permanent  buildings  may  run  up  to  £1,000  a 
bed.  Maintenance  is  usually  stated  at  30s.  to  40s. 
per  week.* 

Rabies  (liydropliotoia). — There  are  two  chief 
forms,  "  furious  "  and  "  paralytic."  The  former  is  the 
commoner  in  dogs.  The  disease  is  comparatively 
rare  in  man,  but  is  one  of  interest  and  importance 
from  the  point  of  view  of  preventive  medicine.  There 
wei-e  761  deaths  from  hydrophobia  in  England  and 
Wales  between  1866  and  1885,  Lancashire,  London, 
the  West  Riding,  and  Cheshire  being  the  principal 
"  foci,"  whence  the  rest  of  the  country  was  subjected 
to  repeated  inroads.  There  were  no  deaths  due  to 
rabies  in  this  country  during  the  six  years  1899-1904, 
except  two  in  1902.  In  the  decennium  ended  1890 
there  were  29  deaths  on  an  average  yearly. 

Hydrophobia  causes  most  deaths  at  ages  between 
five  and  fifteen  years  ;  more  among  males  than  females  ; 
and  more  in  late  summer  and  autumn  than  at  other 
seasons  (Longstaff). 

The  disease  is  imparted  to  man  by  the  bite  of 
rabid  dogs  ;  or  more  rarely  of  rabid  cats,  foxes,  or 
wolves.     The   ordinary   incubation   period   is  six 

*  See  also  Special  Report  of  Local  Governinent  Board  on  Sanatoria 
for  Oousumption  (Buldrode),  1905-6  (puWished  190S). 
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weeks.  It  is  stated  to  liave  been  as  short  as 
one  week  in  children  bitten  about  the  face.  The 
disease  almost  invariably  ends  in  death  within  a  few 
days.  It  is  not  known  to  have  been  transmitted 
from  one  human  being  to  another.  Bites  about  the 
face  are  rnore  deadly  than  others,  and  in  such 
cases  the  incubation  is  short.  The  danger  is  less 
when  the  part  bitten  is  protected  by  clothing.  Takin^ 
only  cases  of  bites  by  animals  proved  beyond  doubt  to 
be  rabid  (the  proof  being  the  occurrence  of  a  genuine 
case  of  rabies  in  some  person  or  animal  bitten  by 
them  or  inoculated  from  them),  hydrophobia  manifests 
itself  in  about  15  per  cent,  of  the  persons  bitten. 
By  means  to  be  described  presently,  this  mortality 
may  be  greatly  reduced,  and  by  other  preventive 
measures  rabies  can  be,  and  has  been,  stamped  out 
altogether. 

Pasteur  discovered  that  the  virus,  though  absent 
from  the  blood,  is  present  in  the  spinal  cord  of  rabid 
animals  as  well  as  in  the  saliva,  and  that  a  portion  of 
the  spinal  cord  of  a  rabid  animal  (or  human  beino- 
dead   from   hydrophobia),   inoculated   beneath  th% 
dura  mater  of  a  rabbit,  imparts  the  disease  with 
certainty.      This  alone  would  be  important  as  a 
certain  means  of   diagnosis;  but   Pasteur  further 
demonstrated  that  the  virulent  cord  gradually  loses  its 
virulence  if  kept  in  perfectly  dry  air,  and  that  this 
attenuation  afforded  a  means  of  curative  or  protective 
inoculation.    He  inoculated  at  short  intervals  with 
successively  more  and  more  virulent  material  com- 
mencing with  very  attenuated  virus  (U  days  old) 
until   at   last    fresh   cord   was   employed      It  is 
surmised  that  the  protection  is  due  to  a  chemical 
substance,  and  not  to  any  real  attenuation  of  the 
microbe.    However  this  may  be,  the  result  of  the 
course  of  inoculations— so  far  from  causing  rabies 
as  a  single  inoculation  with  fresh  rabic  cord  would 
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do — is  to  render  dogs  insusceptible  to  rabies.  The 
same  treatment  is  now  extensively  practised  in  regard 
to  persons  bitten  by  rabid  animals  ;  and  the  mortality 
among  such,  under  early  treatment,  is  no  longer  15, 
but  a  fraction  of  1  per  cent.  In  the  decennium 
1893-1902  an  average  of  1,450  pei-sons  were  treated 
annually  at  the  Pasteur  Institute  in  Paris  ^and  the 
rate  of  mortality  was  0-32  per  1,000. 

The  microbe  has  not  been  isolated  with  any  cer- 
tainty, although  both  micrococci  and  bacilli  have  been 
found  in  the  rabic  cord. 

Rabies  can  be  stamped  out  by  muzzling  all  dogs  for 
a  sufficient  length  of  time.  This  was  done  in  Sweden 
many  years  ago,  and  the  country  remains  free  from 
rabies.  Less  isolated  countries  are  subject  to  con- 
stant new  importations  of  the  disease  across  the 
frontiers,  but  the  success  of  repressive  measui-es 
lias  been  very  great.  Thus  hydrophobia,  though 
formerly  prevalent,  has  been  unknown  in  Berlin 
since  1874,  and  the  Prussian  provinces  are  practically 
free  except  on  the  eastern  (Russian)  frontier. 

In  England  several  local  attempts  were  made 
in  the  same  direction,  but  none  upon  a  large  scale 
until  1890,  when  it  was  made  compulsory  for  a  time 
throughout  Lancashire,  Cheshire,  the  West  Riding, 
and  London,  and  was  followed  by  the  cessation  of 
rabies.  In  London  muzzling  was  adopted  in  1885,  and 
speedily  put  an  end  to  the  prevalence  of  rabies.  The 
Rabies  Order  of  1892,  issued  by  the  Board  of  Agri- 
culture, enables  county  authorities  to  make  regulations 
for  muzzling  and  other  preventive  measures,  and  the 
Importation  of  Dogs  Order  of  1901  has  served  as 
a  great  protection  to  the  United  Kingdom. 

Olanders  or  farcy,  as  afEecting  man,  was  only  de- 
scribed  during  the  last  century.  Although  in  isolated  instances 
it  has  been  transmitted  from  one  human  being  to  another,  it  is 
practically  always  acquired  from  the  horse.    The  virus  does 
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not  appear  to  be  capable  of  aerial  transmission,  except,  perbaps, 
for  very  short  ranges,  and  nothing  is  established  as  regards 
convection  by  water  or  milk.  Inoculation  is  the  almost  in- 
variable mode  of  inlection  so  far  as  man  is  concerned  ;  but  it 
is  probable  that  this  may  sometimes  occur  without  abrasion  of 
skin  or  mucous  membrane.  Among  animals  the  disease  spreads 
rapidly.  It  is  very  rare  in  man,  but  attended  with  an  extremely 
high  mortality,  which  is  stated  to  be  not  less  than  50  per  cent, 
in  chronic  cases,  and  not  far  from  100  per  cent,  in  the  acute 
variety.  The  usual  incubation  ranges  from  three  to  eight 
days,  and  is  shortest  in  acute  cases.  For  obvious  reasons,  men 
are  much  more  liable  to  glanders  than  women  or  children. 
The  disease  aifects  the  nasal  and  respiratory  mucous  mem- 
branes, and  also  the  lymphatic  glands.  When  the  latter  are 
attacked  first,  the  disease  is  termed 

Anthrax  affects  man  in  two  forms,  external  and 
internal.    External  anthrax,  or  "  malignant  pustule," 
has  its  usual  seat  about  the  face  or  neck,  and  is  no 
doubt  due  to  inoculation.    The  first  local  manifesta- 
tion is  the  appearance  of  a  papule  or  vesicle,  which 
develops  in  the  course  of  a  few  days  into  an  inflamed 
indurated  mass,  with  a  central  black  slough.  The 
border  may  be  fringed  with  vesicles  or  inflamed.  The 
surrounding  tissues   and  the  lymphatic  glands  are 
swollen  and  indurated.   The  disease  may  remain  local- 
ized, and  end  in  resolution,  or  at  most  in  suppuration. 
Usually,  however,  constitutional  symptoms  attend  its 
coui^se,  and  general  infection  may  follow.  Occasionally, 
malignant  pustule  supervenes  upon  internal  anthrax. 
Internal  anthrax  appears  to  be  due  to  inhalation  or 
swallowing  of  the  poison.     After  a  very  variable 
incubation  period,  ranging  perhaps  from  two  to  twelve 
days,  the  early  symptoms  are  chills,  weariness,  de- 
pression, restlessness,  and  a  feeling  of  constriction  in 
the  chest.     This  prodromal  stage  may  last  only  a  few 
hours,  but  more  usually  two  to  six  days,  and  then 
graver  symptoms  set  in  suddenly.  The  prostration  be- 
comes extreme  ;  pulse  and  respiration  are  rapid.  The 
temperature  is  somewhat  elevated,  but  always  liable 
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to  sudden  remissions,  accompanied  T)y  perspiration. 
The  patient  may  die  from  heart-failure,  or  brain 
symptoms  may  become  prominent,  or  pneumonia  or 
diarrhoea  may  supervene.  Remissions  may  occur-. 
The  mortality  is  high,  but  recovei-y  may  happen  even 
in  serious  cases.  The  protection  derived  from  an  attack 
is  very  slight,  if  any. 

Anthrax  received  the  name  of  "  wool-sort ei's' 
disease  "  from  its  prevalence  among  men  employed  in 
sorting  infected  foreign  wool  and  hair.  Tanners, 
butchers,  and  persons  engaged  in  handling  raw  hides 
or  horse-hair  are  liable  to  malignant  pustule. 

Anthrax  attacks  sheep,  goats,  pigs,  cattle,  and 
horses,  and  may  be  communicated  to  mice,  guinea- 
pigs,  and  many  other  animals.  As  in  man,  the 
disease  may  be  either  localized  or  constitutional,  and 
in  the  latter  variety  enlargement  of  the  spleen  is  so 
prominent  a  characteristic  that  anthrax  is  known  as 
*'  splenic  fever."  A  field  may  become  infected  with 
anthrax,  and  healthy  animals  turned  into  it  after  the 
lapse  of  months,  or  even  years,  may  acquire  the 
disease.  The  infection  is  probably  imparted  to  the 
superficial  layers  of  the  soil  by  the  blood  or  secretions  of 
afiected  animals,  in  which  the  resistant  spores  form. 
Pasteur  suggested  that  the  spores  fi'om  buried  carcases 
are  brought  to  the  surface  by  earth-worms,  but  Klein 
has  found  that  spores  are  not  formed  under  such  con- 
ditions, and  that  withiii  a  week  all  bacilli  and  all 
infectivity  have  been  destroyed  by  putrefaction,  if  the 
carcase  is  buried  intact.  Other  sources  of  infection 
of  animals  are  the  use  of  infected  dust  or  other  trade 
refuse  as  manure,  and  drinking  from  streams  receiving 
infected  trade  effluents. 

Although  exact  evidence  is  wanting,  it  may  be 
assumed  that  anthrax  can  be  acquired  by  eating  the 
flesh  of  diseased  animals.  The  usual  modes  of  infec- 
tion in  man  are  by  inoculation  and  inhalation,  and  it 
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has  been  suggested  that  the  poison  may  be  carried  by- 
flies  and  other  insects. 

Bacteriology. — The  pathogenic  organism  is  the 
Bacillus  anthracis,  which  forms  spores  when  exposed 
to  air.    The  bacillus,  which  grows  readily  on  ordinary 
media,  is  square-ended,  1     broad  and  4-5  long,  some- 
times in  filaments;  aerobic,  non-motile,  liquefying; 
chiefly   occurring    in    spleen    and   blood  stream, 
and   readily    destroyed    by  heat   or    other  disin- 
fecting agencies,  though  the  spores  are  extremely 
resistant.    It  has  been  found  that  animals  can  be 
infected  by  inhaling  or  swallowing  the  spores,  but  not 
by  the  bacilli  unless  there  is  some  abrasion  such  as  to 
allow  practically  of  inoculation.    Bacilli  are  destroyed 
by  the  gastric  juice,  spores  are  not.    A  further  marked 
difference  between  bacilli  and  spores  is  shown  by  the 
results  of  inoculation  (Klein).    The  former  cause  a 
slight  and  localized  form  of  the  disease,  the  latter  a 
severe  constitutional  malady,  which  is  usually  fatal. 
Thus,  the  fresh  blood  of  a  mouse  dead  of  anthrax 
contains  bacilli  only,  but   upon  exposure   to  air, 
or  artificial  cultivation,  spores  are  readily  formed. 
Inoculation  of  the  fresh  blood  into  sheep  is  followed 
by  slight  local  anthrax,  but  if  blood  containing  spores 
is  used  a  fatal  attack  ensues.     Moreover,  if  two 
animals  of  the  same  species  are  inoculated,  one  with 
spores  of  a  broth  culture  and  the  other  with  bacilli  of 
a  gelatin  culture,  the  blood  bacilli  of  the  latter  will 
be  more   attenuated  than  the  former.    But  apart 
from  this,  anthrax  virus  varies  in  intensity  according 
to  the  animal  from  which  it  is  taken.    Comparing  the 
results  of  inoculation  with  virus  from  mice,  gumea- 
pigs,  sheep,  and  cattle,  it  is  found  that  virulence 
increases  in  the  order  stated,  mouse  anthrax  being  the 
least  and  cattle  anthrax  the  most  potent. 

Martin  has  shown  that  the  Bacillus  anthracis  pro- 
duces albumoses,  which  in  turn  yield  toxins  much 
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more  virulent  than  themselves.  Sclavo  of  Siena  has 
prepared  an  anti-anthrax  serum  from  which  excellent 
results  have  been  obtained,  reducing  case  mortality 
from  24  to  6  per  cent.  The  animal  wsed  for  immuni- 
zation is  the  ass,  which  is  inoculated  with  slowly 
increasing  doses  of  virulent  cultures  of  the  anthrax 
bacillus.  Blood  is  drawn  from  the  left  jugular  vein, 
and  after  clotting  the  serum  is  decanted  and  ether 
added  to  the  extent  of  3  per  cent,  of  the  whole  bulk. 
The  serum  is  then  bottled  with  antiseptic  precautions 
in  10  c.c.  tu.bes. 

In  external  anthrax  early  excision  is  of  the 
greatest  importance,  and  usually  results  in  recovery. 

Cases  of  anthrax  in  horses,  cattle,  sheep,  pigs,  etc., 
are  dealt  with  under  the  Anthrax  Order  of  1899, 
issued  by  the  Board  of  Agriculture.  The  owner  reports 
the  outbreak  to  the  inspector  specially  appointed  for 
the  purpose  by  the  local  authority.  It  is  the  inspec- 
tor's duty  to  inform  the  M.O.H,  and  to  direct  pre- 
cautionary measures  as  to  isolation,  disinfection, 
and  destruction  of  the  carcase,  as  prescribed  in  the 
Order. 

Tetanus. — Tetanus  occurs  in  man  and  horses 
most  commonly,  though  it  may  affect  other  animals. 
There  is  usually  a  wovind,  often  an  insignificant  one, 
which  may  occur  in  any  part  of  the  body,  but  is  nearly 
always  on  one  or  other  of  the  limbs.  It  is  not  the 
locality  of  the  wound  nor  its  size  that  affects  the 
disease.  Wounds  which  are  jagged,  and  occurring  in 
absorptive  tissues,  are  those  most  fitted  to  allow  the 
entrance  of  the  bacillus.  The  wound  forms  a  local 
manufactory,  so  to  speak,  of  the  bacillus  and  its 
secreted  poisons  ;  the  bacillus  remains  in  the  wound, 
but  the  toxins  may  pass  throughout  the  body,  and  are 
especially  absorbed  by  the  cells  of  the  central  nervous 
system.  Suppuration  generally  occurs  in  the  wound. 
After  a  few  days  or,  it  may  be,  as  much  as  a  fortnight, 
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when  the  primary  wound  may  be  almost  forgotten, 
general  symptoms  occur.    Their  appearance  is  often 
the  first  sign  of  the  disease.    Stiffness  of  the  neck  and 
facial  muscles,  including  the  muscles  of  the  jaw,  is  the 
most  prominent  sign.    This  is  rapidly  followed  by 
spasms  and  local  convulsions,  which,  Avhen  affecting 
the  respiratory  or  alimentary  tract,  may  cause  a  fatal 
result.    Fever  and  increased  rate  of  pulse  and  respir- 
ation are  further  signs  of  the  disease  becoming  general. 
After  death,  which  results  in  the  majority  of  cases, 
there  is  very  little  to  show  the  cause  of  fatality.  The 
wound  is  observable,  and  patches  of  congestion  may 
be  found  on  different  parts  of  the  nervous  system, 
particularly  the  medulla  (grey  matter),  pons,  and  even 
cerebellum.    The  experience  of  the  Pasteur  Institute 
tends  to  support   the   theory   that   tetanus   is  a 
"nervous"  disease,  more  or  less  allied  to  rabies, 
and  is  best  treated   by   intracerebral  injection  of 
antitoxin,  which  then  has  an  opportunity  of  oppos- 
ing the  toxins  at  their  favourite  site.    The  toxins 
diffuse  throughout  the  tissues  of  the  body,  but  par- 
ticularly affect  the  spinal  cord.    The  long' incubation 
period  indicates  that  the  toxins  are  probably  produced 
by  a  ferment  which  is  a  most  powerful  poison. 

Tetanus  bacilli  spores  have  been  found  in  con- 
siderable quantities  in  the  dust  of  dry  jute  fibre 
(Andrewes),  and  various  cases  are  on  record  where 
the  disease  has  been  contracted  in  jute  mills.  Leo-o-e 
attributes  the  presence  of  the  bacilli  to  the  soil'' in 
which  the  jute  is  grown  in  Bengal. 

In  the  wound  the  bacillus  is  present  in  large 
numbers,  but  mixed  up  with  a  great  variety  of  sup- 
purative bacteria  and  extraneous  organisms.  It  is  a 
straight  short  rod  with  rounded  ends,"  occurring  sinc^ly 
or  m  pairs  or  threads,  and  slightly  motile.  Flagella 
may  be  demonstrated  (lateral  and  terminal).  Branching 
also  has  been  described.    Indeed,  it  would  appear  that" 
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like  the  bacillus  of  tubercle,  this  organism  has  various 
polymorphic  forms.  A  large  round  spore  occurs  at 
one  or  other  pole  of  the  bacillus  ("  drumstick " 
appearance).  The  spores  are  very  resistant.  The 
bacillus  is  an  anaerobe,  and  grows  at  blood  heat.  In 
some  soils  it  is  common,  and  infection  has  frequently 
been  derived  from  dust  in  jute  factories,  etc.  The 
disease  is  more  common  in  hot  countries  than  in 
temperate  climates,  and  can  frequently  be  induced 
in  animals  experimentally,  by  inoculation  of  a  little 
garden  earth,  manure,  refuse,  or  soil. 

Puerperal  lever — In  1891  -1900  the  mortality 
from  puerperal  sepsis  and  childbirth  averaged  5-09 
per  1,000  births,  which  was  higher  than  in  any  of  the 
three  preceding  decennia.  This  result  is  due  in  large 
measure  to  differences  of  certification  and  collection 
of  statistics. 


CHAPTER  XIV 


TROPICAL  DISEASES 

In  this  chapter  will  be  considered  briefly  some  of  the 
chief  tropical  diseases.  Many  diseases,  such  as 
pneumonia,  diarrhoea,  typhus  and  typhoid,  occur  of 
course  in  sub-tropical  and  tropical  countries;  but 
such  diseases  as  cholera,  yellow  fever,  plague,  malaria, 
relapsing  fever,  and  leprosy  may  rightly  be  con- 
sidered as  more  correctly  "  tropical  "  diseases. 

Asiatic  cholera  has  its  endemic  area  in  certain 
parts  of  India,  including  the  delta  of  the  Ganges. 
The  first  great  epidemic  in  India  occurred  in  1817. 
At  irregular  intervals  it  spreads  in  epidemic  or  pan- 
demic form  over  a  great  part  of  the  world.  It 
follows  the  lines  of  traffic  by  land  or  water,  but  no 
reason  has  been  found  for  the  apparently  capricious 
selection  of  some  routes  and  omission  of  others.  The 
invasion  of  each  new  country  along  its  line  of  march 
is  almost  invariably  traceable  to  infection  through 
some  point  of  communication  vsdth  a  country  already 
attacked.  In  temperate  climates  the  outbreak  often 
subsides  or  disappears  in  winter,  but  frequently  re- 
appears with  the  warm  weather  in  the  late  spring 
or  early  summer ;  and  may  even  recur  again  in  the 
third  year,  apparently  without  fresh  introduction 
In  India  from  1896-1909  five  and  a  half  million 
deaths  were  caused  by  cholera. 

Cholera  gained  a  firm  footing  in  England  on  four  occasions 
VIZ.  1831-2,  1848-9,  1853-4,  and  1865-6,  the  epidemic  extension 
trom  India  having  occupied  respectively  five,  two,  one,  and 
two  years  in  transit.  ,       ,  v  u 
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In  1831  infection  was  carried  to  Sunderland  and  Newcastle, 
from  Baltic  ports,  in  October,  and  in  the  course  of  the  next 
year  caused  great  mortality  throughout  the  kingdom.  The 
system  of  registration  of  deaths  was  not  then  in  operation,  but 
according  to  Hirsch,  the  total  mortality  in  England  was 
30,924.  In  1848  HuU  was  infected  from  Hambui'g  early  in 
October,  and  the  disease  at  once  spread.  Only  988  deaths  were 
recorded  in  England  from  October  to  March,  but  the  epidemic 
made  rapid  progress  in  the  summer,  and  before  its  final  dis- 
appearance in  December,  1849,  it  had  caused  53,293  deaths, 
besides  a  heavy  diarrhoea  mortality,  part  of  which  may  be 
supposed  to  have  been  due  to  cholera.  In  1853-4  the  invasion  was 
again  from  Germany,  London  being  attacked  in  August.  The 
outbreak  continued  through  the  winter,  especially  in  the  north  ; 
became  more  active  in  July,  1854,  and  overran  the  countrj^ 
causing  during  the  year  20,097  deaths  in  England  and  Wales. 
The  1865-6  ej)idemic  was  milder,  but  still  resulted  in  14,378 
deaths. 

On  several  other  occasions  the  disease  has  invaded  Europe, 
but  failed  to  reach  England,  notably  in  1871-4  and  1884-7.  In 
1892  it  again  spread  to  many  parts  of  Western  Europe,  notably 
Hamburg,  but  apart  from  imported  cases  none  appeared  in 
England  until  September,  1893,  when  a  few  occurred  at 
Grimsby,  HuU,  and  elsewhere.  Since  then  only  small  isolated 
outbreaks  have  occurred  in  this  country.  From  1907  the 
disease  became  prevalent  in  Russia,  and  passed  down  the 
rivers  into  East  Prussia. 

Climate,  season,  and  temperature. — Heat  is  a 
predisposing  condition  of  gi^eat  importance,  but  cold 
does  not  necessarily  arrest  the  disease.  Severe  epi- 
demics have  occurred  in  Sweden  and  Russia  in  the 
depth  of  winter. 

Even  in  India  the  seasonal  curve  of  cholera  prevalence  is 
by  no  means  always  parallel  with  that  of  temperature. 
Generally  speaking,  in  Bombay  the  maximum  of  cholera 
deaths  is  in  April;  in  the  N.W.  Provinces  and  the  Deccan 
in  August;  in  Madras  there  are  two  maxima,  in  January 
or  February  and  September;  and  in  Calcutta  a  chief 
maximum  in  April  and  a  smaller  one  in  November.  In 
all  these  regions,  except  one,  the  highest  mean  temperature 
is  reached  in  May  ;  in  the  N.W.  it  is  in  June.  In  Madras 
cholera  mortality  is  at  its  minimum  in  J une,  when  the  mean 
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temperature  is  at  its  highest.  In  Europe,  as  a  rule,  epidemics 
attain  their  maximum  in  August,  but  sometimes  in  September 
or  July, 

Rainfall  also  has  a  marked  influence  upon  the 
jDrevalence  of  cholera,  and  supplies  a  clue  to  many  of 
the  discrepancies  mentioned  above.    In  Calcutta  the 
onset  of  the  rainy  season   in  April  and  May  is 
attended  with  lowered  cholera  prevalence,  although 
the  temperature  is  still  rising ;  and  cholera  increases 
again   in   November,    when   the   rains  terminate, 
although  the  temperature  is  then  falling.    In  the 
N.W.  Provinces    the   maximum  cholera  mortality 
coincides  with  the  maximum  rainfall  in  August,  two 
months  later  than  the  highest  mean  temperature. 
Outbreaks  during  the  dry  season  in  the  KW.  are 
usually  associated  with  sudden  rains.    Both  tempera- 
ture and  rainfall  are  indirect  or  predisposing  causes 
only,  and    the   maximum   of  either  may  actually 
coincide  with   small  prevalence   of  cholera.  This 
is  readily  explained  if  we  assume,  with  Pettenkofer, 
that   moisture   of  the  soil  (as  distinguished  from 
dryness  or  saturation),  heat,  aeration,  the  presence 
of  organic  mattei-,  and  the  specific  poison  itself,  are 
the  essential  telluric  conditions  for  the  propagation 
of  cholera.    Rainfall  sufficient  to  saturate  the  soil 
(i.e.  to  raise  the  level  of  the  ground  water)  will  tend 
to  arrest  cholera,  however  high  the  temperature  may 
be  ;  but  so  long  as  it  merely  moistens  a  previously  dry 
soil,  the  other  conditions  being  present,  rain  is  apt 
to  induce  an  outbreak.     Given  a  moist  soil,  pro- 
longed  heat  and   drought  may  be  the  conditions 
most  conducive  to  cholera. 

Soil.— A  direct  relation  between  earth  tempera- 
ture, at  a  depth  of  3  to  6  feet,  and  the  prevalence  of 
cholera  during  an  epidemic,  has  been  affirmed  by 
PfeifFer  as  regards  England  and  Prussia.  Pollution, 
and  especially  animal  pollution,  of  the  soil  is  doubtless 
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an  important  factor.  The  subsoil  water,  according  to 
Pettenkofer,  by  its  movement  affects  very  materially 
tlie  development  of  cholera  as  well  as  enteric  fever. 
In  a  dry,  porous  soil  its  influence  may  be  trifling,  but 
in  general  its  fall — especially  after  great  height — 
leaves  the  soil  above  it  moist  and  aerated,  and  is 
therefore  favourable  to  cholera  if  the  other  conditions 
are  present.  Its  rise  to  a  high  level  has  the  reverse 
effect.  The  level  of  the  ground  water  in  Calcutta 
is  highest  in  September,  lowest  in  May,  and  therefore 
accords  closely  with  the  inverse  relation  to  cholera 
affirmed  by  Pettenkofer. 

Epidemics  are  especially  apt  to  follow  the  banks 
of  rivers  and  lakes,  whether  navigable  or  not.  Hilly 
regions  seem  to  escape  frequently,  although  outbreaks 
may  occur  on  high  ground.  The  influence  of  eleva- 
tion is  often  recognizable  even  in  the  distribution  of 
cholera  in  a  single  town. 

Particular  quarters,  streets,  and  even  houses  are 
often  selected  for  attack  in  a  town  invaded  by  cholera, 
and  the  selection  can  usually  be  explained  by  the 
existence  of  some  filth  condition  in  or  about  the  houses, 
some  pollution  of  water  supply,  or  other  insanitary 
condition. 

Drinking-water  has  been  closely  associated  with 
several  outbreaks  of  cholera  in  England  and  India. 

A  few  classical  instances  may  be  quoted  here.  The  1849 
epidemic  was  very  fatal  in  a  part  of  London  supplied  mamly 
by  two  water  companies— the  Southwark  and  the  Lambeth— 
both  of  which  distributed  polluted  Thames  water  after  imper- 
fect filtration.  The  incidence  of  cholera  was  substantially  the 
same  upon  the  customers  of  both  companies,  whose  mains 
supplied  the  same  districts  and  even  houses  in  the  same  streets. 
In  1854,  however,  the  population  supplied  by  the  Southwark 
Company  suffered  in  14  weeks  a  mortality  from  cholera  of  13 
per  1,000,  and  the  customers  of  the  Lambeth  Company  only 
3  7  per  1  000.  The  disease  singled  out  the  houses  supphed  by 
the  iSouthwark  Company,  whose  intake  remained  as  m  1849; 
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while  the  Lambeth  Company  had  in  the  meantime  obtained  a 
purer  supply  from  a  point  many  miles  higher  up  the  river. 

The  1866  epidemic  in  London  chiefly  affected  Poplar,  and 
Netten  Eadcliffe  found  a  similarly  close  coincidence  between 
the  area  affected  and  the  distribution  of  polluted  water  by 
the  East  London  Company.  In  1854  a  sudden  and  intense 
outbreak  occurred  among  the  inhabitants  of  a  small  area  near 
Golden  Square,  upwards  of  400  persons  being  attacked  within 
five  days.  The  incidence  of  the  disease  was  limited  to  those 
who  had  drunk  the  water  from  a  pump  in  Golden  Square — 
including  persons  residing  at  a  distance  who  had  sent  for  the 
water — and  upon  investigation  the  well  was  found  to  be 
polluted  with  sewage.  A  few  fatal  cases  had  occurred  in  the 
vicinity  dimng  the  month  previous  to  the  outbreak,  and  there 
was  strong  probability  of  specific  pollution  of  the  well. 

More  recently,  the  experience  of  Hamburg,  Altona  and 
other  places  has  afforded  further  proof  of  the  possibility  of 
convection  of  cholera  on  a  large  scale  by  drinking-water. 

Race.— The  incidence  and  severity  are  greater 
among  negi'oes  than  Europeans,  but  apparently  less 
among  natives  of  hot  countries  in  which  cholera 
occurs  than  among  European  settlers. 

Insanitary  conditions  of  air,  water,  food  (in- 
cluding milk),  soil,  drainage,  and  housing  determine 
the  points  of  attack.  Hence  the  disease  attacks  more 
especially  the  poorest  quarters  of  towns.  Excre- 
mental  filth  is  most  dangerous  of  all. 

The  poison  doubtless  gains  access  to  the  system 
by  inhalation  or  swallowing.  The  incubation  period 
]s  stated  to  be  usually  a  few  hours  to  three  days, 
but  may  reach  ten  or  even  twenty  days  (Parkes). 
Clinically,  cholera  is  marked  by  profuse  watery 
stools,  like  thin  rice  water  containing  white  flocculi  in 
suspension.  Vomiting,  cramps,  suppression  of  urine, 
cyanosis,  and  collapse  often  ensue.  Hyperpyrexia 
IS  a  rare  occurrence,  but  sometimes  the  patient 
passes  into  the  typhoid  state  with  various  com- 
plications. The  mortality  is,  as  a  rule,  not  far 
short  of  50  per  cent,  of  the  cases,  and  may  b^ 
greater.     Infection  is  given  off'  in  the  discharges 
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from  the  bowels,  and  probably  in  the  vomit  also. 
These  may  infect  water,  soil,  or  fomites. 

Bacteriology.— In  1883  Koch  isolated  from  cholera 
discharges  a  microbe  which  from  its  shape  received 
the  name  of  "comma'"  bacillus.    It  is  a  curved  rod, 
often  about  half  the  length  of  the  tubercle  bacillus, 
and  motile.    Strictly  speaking,  the  "comma"  bacilli 
are  segments  of  a  spirillum  or  vibrio,  and  not  true 
bacilli.     They  are  present  in  choleraic  evacuations, 
generally,  if  not  always,  in  spirillum  form.  They 
occur  in  the  intestinal  wall  and  in  the  detached 
flakes  of  mucous  membrane,  in  which  they  often  lie  in 
parallel  arrangement,  creating  the  "fish  in  stream 
appearance  "  under  the  microscope.    They  do  not 
occur   in   the  blood,  and  but  little   in  the  body 
generally.    They  have  been  found  in  wells  polluted 
by  choleraic  excreta.     They  can  be  readily  culti- 
vated, and  have  a  characteristic  mode  of  growth; 
they  flourish  in  sewage,  and  have  been  found  to 
survive  for  81  days  in  Marseilles  harbour  water,  but 
disappear  in  a  few  days  from  pure  water  {Frank- 
land). 

The  bacillus  liquefies  gelatin  and  grows  m  in- 
volution forms,  but  does  not  produce  spores.  It  is 
stained  by  ordinary  aniline  dyes,  but  not  by  Gram's 
method.  In  cultures  it  grows  aerobically,  and  pro- 
duces nitrates,  but  can  be  acclimatized  to  anaerobic 
conditions,  and  is  then  more  virulent  but  less 
resistant.  The  organism  produces  characteristic 
<^rowth  on  the  ordinary  media,  and  produces  indol, 
which,  with  the  nitrates,  gives  a  red  reaction  on 
addition  of  sulphuric  acid  (nitroso-indol).  This  test 
is  known  as  "  the  cholera-red  reaction."  The  bacilli 
are  killed  by  acid  liquids,  so  that  they  cannot  In^e  in 
presence  of  the  acid  gastric  juice,  but  it  has  been 
shown  that  the  contents  of  the  stomach  may  remain 
alkaline  if  only  liquids  are  taken.    Koch  neutralized 
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the  gastric  juice  of  fasting  guinea-pigs  by  alkali, 
checked  the  peristalsis  by  opium,  and  then  introduced 
cultivations  of  comma  bacilli  into  the  stomach. 
The  animals  died  in  a  day  or  two,  the  intestines 
being  filled  with  fluid  containing  numbers  of 
comma  bacilli.  Infected  water  and  milk,  and  in 
one  case  an  artificial  culture,  have  been  found  to 
convey  infection.  It  is  possible  also  infection  may 
occasionally  occur  through  the  respiratory  tract,  but 
this  is  certainly  not  the  ordinary  mode. 

The  comma  bacillus  is  readily  destroyed  by  heat 
or  other  disinfectants,  or  by  mere  drying.  The 
organism  can,  however,  resist  cold.  Spores,  if  ever 
formed,  would  doubtless  be  more  resistant.  Em- 
merich has  found  in  cholera  evacuations  another  still 
more  minute  bacillus,  straight  and  immobile,  which 
he  regards  as  pathogenic  in  cholera. 

That  the  comma  bacillus  is  pathogenic  in  Asiatic 
cholera  seems  to  be  proved  by  the  unintentional 
infection  of  a  worker  in  Koch's  laboratory  from 
a  culture  of  comma  bacilli,  under  conditions  that 
excluded  other  sources  of  infection.  This  bacillus  has 
been  "intensified"  in  various  ways,  and  is  then  patho- 
genic to  lower  animals,  including  dogs  and  rabbits. 
It  has  also  been  attenuated,  and  a  protective 
"vaccine"  has  been  obtained.  Hafi-kine  prepares 
two  vaccines,  the  weaker  of  which  is  made  from 
cultures  of  the  bacillus  attenuated  and  the  virus 
exalte  irom  similar  cultures,  the  virulence  of  which  has 
been  increased  by  passage  through  animals.  The  first 
vaccine  is  inoculated  and  followed,  three  or  four  days 
afterwards,  by  the  second. 

Broadly,     the    reasons    for    believing  Koch's 
comma  bacillus   to  be   the   cause   of  cholera  are 
{a)   its  constant  presence  in   cases  of  the  disease, 
(6)  the  results  of  accidental  infection,  (c)  the  agalu 
tinative  and  protective  properties  of  the  serums"  of 
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cholera  patients,  and  (d)  the  result  of  Haffkine's  pre- 
ventive inoculation  with  his  two  vaccines. 

Cholera  nostras  is  the  name  given  to  a  form  of 
diarrhoea  endemic  in  Egypt  and  elsewhere.  It  doe.s 
not  spread  in  epidemic  form,  nor  does  it  cause  high 
mortality.  Finkler  and  Prior  have  detected  in  the 
evacuations  a  "comma"  bacillus,  which,  however, 
differs  in  size  and  mode  of  growth  from  Koch's.  Some 
outbreaks  of  cholera  nostras  are  due  to  the  Bacillus 
enteritidis  (Gaertner). 

Yellow  fever  has  its  endemic  areas  in  the  West 
Indies  and  certain  parts  of  the  Mexican  and  West 
African  coasts,  and  frequent  and  intense  epidemics 
occur  between  33°  N.  and  23°  S.— that  is,  from 
Charleston  to  Rio  Janeiro.  It  is,  therefore,  essentially 
a  tropical  disease,  but  has  occasionally  occurred  in 
epidemic  form  as  far  north  as  43°  N.,  at  Leghorn  and 
at  Portsmouth,  in  New  Hampshire,  and  a  few  isolated 
cases  occurred  at  Swansea  (51°  N.)  in  1864  among 
])ersons  who  came  into  direct  contact  with  infected 
vessels.  Among  European  countries  only  Spain  and 
Portugal  come  practically  within  its  epidemic  range. 
Infected  ships  reach  European  ports,  but  without 
causing  any  spread  of  the  disease. 

In  the  endemic  area  the  greatest  prevalence  is  between 
April  and  September,  but  in  higher  latitudes  the  epidemics 
occur  in  summer  and  autumn,  beginning  usually  in  July  and 
August  and  never  lasting  beyond  December.  It  is  only 
endemic  in  regions  where  the  mean  temperature  reaches  20  0. 
m°  F  ),  and  epidemics  do  not  as  a  rule  occur  m  any  latitude 
unless  the  temperature  is  above  that  point.  A  fall  below 
•>0°  C  however,  will  not  necessarily  arrest  the  course  ot  an 
epidemic  when  once  begun,  though  it  will  usually  cause  a 
remission,  but  frost  always  arrests  it  more  or  less  completely. 
According  to  Hirsch,  atmospheric  humidity  and  rainfall  are  as 
a  rule  favourable  to  yellow  fever,  unless  accompamed  by  great 
lowering  of  temperature.  With  few  exceptions  the  incidence 
of  the  disease  is  limited  to  the  sea  coast  and  the  shores  of 
great  navigable  rivers;  only  in  intense  epidemics  does  it  affect 
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elevated  points.  Even  in  the  "West  Indies  it  rarely  extends  as 
high  as  700  feet  ahove  the  sea. 

Predisposing  conditions —Yellow  fever  is  a 
disease  of  towns,  and  lias  a  strong  tendency  to 
localize  itself  in  certain  quarters,  streets,  or  blocks  of 
houses.  Successive  epidemics  frequently  single  out 
the  same  local  foci.  As  a  rule  these  are  in  the 
filthiest  and  most  crowded  parts,  where  insanitary 
conditions  of  every  kind  abound,  and  more  especially 
excremental  pollution  of  the  air,  soil,  and  water. 
Outbreaks  frequently  occur  on  board  ship,  and  if  viru- 
lent are  usually  associated  with  similar  filth  conditions. 

Telluric  conditions  have  probably  some  influence, 
but  it  is  not  known  to  be  conveyed  by  drinking- 
water.  Some  authorities  believe  that  wind  can  carry 
the  infection  for  short  distances. 

Negroes,  and  perhaps  also  Chinese,  have  a  re- 
markable immunity  from  yellow  fever.  Strangers  of 
other  races,  and  especially  those  from  temperate 
climates,  are  very  liable  to  attack.  They  may  acquire 
a  considerable  and  increasing  degree  of  immunity 
by  "acclimatization,"  but  for  this  it  appears  to 
be  essential  that  they  reside  in  a  yellow-fever  dis- 
trict for  some  years,  including  an  epidemic  period. 
It  is  possible  that  natives  gain  their  immunity 
in  the  same  way  during  childhood.  Those  who 
have  undergone  an  attack  are  safest  of  all.  It 
seems,  however,  that  negroes  as  Avell  as  other  persons 
may  lose  their  immunity  by  a  few  years'  residence  in 
temperate  climates,  and  even  by  migration  from  one 
yellow-fever  district  to  another.  Both  susceptibility 
and  severity  of  attack  are  found  to  increase  in  inverse 
proportion  to  the  temperature  of  the  native  country. 
In  Guiana  the  case  mortality  among  West  Indians  was 
7  per  cent,  Italians  and  French  17  per  cent.,  English 
19  per  cent,  Germans  and  Dutch  20  per  cent, 
Scandinavians  and  Russians  28  per  cent.    Young  and 
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vigorous  persons  are  said  to  be  especially  liable  to 
attack,  and  men  more  so  than  women. 

Yellow  fever  follows  almost  exclusively  the  lines 
of  maritime  traffic,  and  is  not  carried  far  by  land.  It 
is  certain  that  ships  may  become  infected  and  retain 
the  infection  with  much  tenacity,  and  baggage  and 
other  fomites  have  been  known  to  convey  infection 
without  the  intervention  of  infected  persons.  That  a 
person  whether  infected  or  not  may  carry  the  in- 
fection with  him  appears  to  be  undoubted,  but  the 
most  intimate  contact  with  the  sick,  wearing  their 
unwashed  clothes,  occupying  the  same  beds,  making 
autopsies,  and  even  inoculating  the  vomit,  may,  so  it  is 
alleged,  fail  to  impart  the  disease. 

The  incubation  is  stated  to  vary  greatly,  from 
two  or  three  to  fourteen  or  sixteen  days,  but 
rarely  exceeds  four  or  five  days.  The  attack  is 
sudden,  with  high  fever  and  intense  headache 
and  lumbar  and  spinal  pains.  Vomiting  sets  in 
early,  becomes  incessant,  and  in  three  or  four  days 
blood  is  seen  in  the  vomited  matter,  and  often  in  the 
faeces.  The  urine  is  albuminous,  and  scanty  or  sup- 
pi-essed.  Jaundice  follows,  and  the  patient  passes  into 
a  typhoid  state.  A  large  proportion  of  the  cases 
end  fatally,  the  rest  in  lysis  and  convalescence  in 
two  or  three  weeks.  The  duration  of  the  infective 
period  is  brief,  lasting  only  the  first  three  or  four 
days  of  the  disease. 

Etiology.— The  etiology  of  yellow  fever  is 
obscure,  and  two  theories  share  the  chief  support; 
the  first  is  that  the  disease  is  due  to  Sanarelli's 
Bacillus  icteroides,  the  second  (and  more  probable) 
that  it  is  due  to  a  protozoan  parasite,  conveyed  by  a 
species  of  mosquito. 

In  1901  the  United  States  Army  Commission 
reported  that  whilst  B.  icteroides  was  not  always 
present  in  yellow  fever,  the  blood  appeared  to  contain 
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the  virus,  and  retained  it  after  being  passed  throvigh 
a  Berkefeld  filter.  The  Commission  further  reported 
that  the  disease  was  not  communicable  by  direct 
contact^  but  probably  by  mosquitoes,  as  in  malaria. 
The  species  of  mosquito  suspected  was  the  Stegomyia 
fasciata.  Preventive  measures  were  adopted  in 
Havana  on  the  mosquito  hypothesis,  with  the  re- 
mai'kable  result  that  the  disease  was  stamped  out. 
Guiteras,  of  Havana,  has  carried  out  further  experi- 
ments which  confirm  many  of  the  Commission's 
findings,  and,  in  particular,  the  transmission  of  the 
disease  by  mosquitoes.  A  United  States  Army 
Expedition  reinvestigated  the  subject  in  1902-3,  and 
reported  that:  (1)  Bacteriological  examination  of  the 
blood  during  life,  and  of  organs  and  blood  immediately 
after  death,  is  negative.  (2)  The  common  West 
Indian  mosquito,  Stegomyia  fasciata,  when  allowed 
to  suck  the  blood  of  a  yellow-fever  patient  41  hours 
after  the  onset,  can  on  biting  a  non-immune  person  22 
days  later  produce  the  disease.  (3)  Stegomyia  fas- 
ciata, contaminated  by  sucking  the  blood  of  a  yellow- 
fever  patient,  and  then  killed,  cut  into  sections  and 
appropriately  stained,  presents  with  regularity  a  pro- 
tozoan parasite,  Myxo-coccidium  stegomyice,  which  can 
be  traced  through  a  cycle  of  developments  from  the 
gamete  to  the  sporozoit.  (4)  Stegomyia  /asciata,  fed 
on  the  blood  of  a  person  with  malarial  fever,  on 
normal  blood,  or  artificially,  does  not  harbour  the 
myxo-coccidium. 

Prevention — The  preventive  measures  to  be 
adopted  against  yellow  fever  are  the  avoidance  of 
districts  in  which  it  is  known  to  prevail,  the  selection 
of  inland,  thinly -populated,  and  especially  elevated 
points  ^  for  residence,  the  systematic  destruction  of 
mosquitoes  in  their  breeding  -  places,  the  rigid  dis- 
infection of  infected  houses,  avoidance  of  the  Stegomyia 
mosquitoes,  and  strict  attention  to  sanitary  conditions. 
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Fatigue,  exposui-e  to  sun,  drinking,  and  improper  food 
are  said  to  predispose  to  infection. 

Plagfiie,  first  introduced  from  the  East,  and 
possibly  identical  with  the  Black  Death  of  the  Middle 
Ages  (1348),  was  frequently  epidemic  in  England  up  to 
the  time  of  the  Great  Plague  in  1 665.  In  the  following 
century  it  retreated  eastward,  and  disappeared  from 
Europe  in  1841  and  from  Egypt  in  1844.  In  Asia 
it  has  lingered  on  endemically  in  certain  temperate 
regions,  and  of  late  has  shown  renewed  activity, 
especially  in  India.  Grave  epidemics  liave  occurred 
(from  1896-1910  it  caused  seven  million  deaths  in 
India),  and  infection  has  been  brought  in  recent  years 
by  ship  to  Great  Britain.  Since  1894  the  disease  has 
assumed  some  of  the  characteri«5tics  of  a  pandemic, 
in  1906-10  several  unrecognized  cases  are  believed 
to  h3,ve  occurred  in  Sufiblk. 

Plague  is  an  infectious  filth  disease,  fostered  by 
destitution,  uncleanliness,  overcrowding,  and  lack  of 
ventilation.  There  are  four  chief  varieties  :  the 
hibbonic  form,  the  most  common  and  typical,  the 
lymph-glands  being  chiefly  affected  in  the  groin,  the 
axilla,  or  the  neck  (carried  chiefly  from  man  to  man 
by  insects)  ;  the  septiccemic,  in  which  the  bacillus 
reaches  the  blood;  the  pneuvionic,  which  is  spread 
directly  from  man  to  man,  and  in  which  the  lungs  are 
mainly  aflfected  (about  2  per  cent,  of  the  cases  in  India); 
and  2^<istis  minor,  in  which  the  aff'ection  of  the  glands 
stops  short  of  the  septicsemic  stage,  and  even  the  local 
symptoms  are  slight.  There  are  certain  symptoms 
common  to  all  forms  of  plague,  when  at  all  severe. 
An  ordinary  attack  of  plague  usually  begins  three  to 
five  days  after  infection.  Such  an  attack  may  develop 
gradually,  but,  generally,  there  is  sudden  onset  with 
much  fever,  as  indicated  by  a  high  temperature,  rapid 
pulse,  headache,  backache,  hot  skin,  and  thirst.  The 
eyes  are  injected  as  if  inflamed ;  the  expression,  at  first 
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haggard,  anxious  and  frightened,  becomes  subsequently 
vacant,  listless,  and  dull ;  the  utterance  is  thick,  and 
the  gait  unsteady  as  in  one  under  the  influence  of 
alcohol.  Mental  aberration  develops  quickly.  There 
is  frequently  a  marked  tendency  to  faint.  The 
tongue  is  at  first  covered  with  a  moist  white  fur 
except  at  the  edges,  which  are  red,  but  later  on  it 
becomes  dry  and  of  a  mahogany  colour.  Vomiting 
and  nausea  are  present  from  the  onset.  Sleeplessness 
is  a  characteristic  symptom.  The  most  distinctive 
sign,  however,  is  the  presence  of  swellings,  or 
"  buboes  "  in  the  groin,  armpit,  or  neck,  which  appear 
on  the  second  or  third  day  of  the  disease,  as  large, 
smooth,  tense  swellings,  painful  and  tender  on 
pressure,  and  in  size  varying  from  that  of  an  almond 
to  that  of  an  orange. 

Cases  occur  in  which  these  manifestations  of  the 
disease  are  greatly  delayed  or  even  absent,  as,  for 
instance,  in  "  pneumonic,"  "  gastric,"  and  "  septi- 
csemic  "  plague  ;  forms  of  the  malady  which  may  be 
mistaken  respectively  for  inflammation  of  the  lungs, 
typhoid  fever,  or  acute  blood  poisoning.  Plague  in 
these  forms  is  always  grave  ;  not  only  because  of  the 
fatality  of  the  cases,  but  for  the  reason  that  they  are 
highly  infectious  to  other  persons.  It  is  important, 
therefore,  that  in  localities  where  plague  is  present  or 
is  threatened,  cases  of  anomalous  illness  of  the  above 
sorts  should  be,  without  loss  of  time,  brought  under 
medical  supervision. 

There  is  also  the  so-called  "  ambulant  form."  In 
plague  of  this  description  the  aff'ected  person  is  hardly 
ill  at  all,  presenting  no  definite  symptoms  perhaps 
beyond  indolent,  though  painful,  swellings  in  groin  or 
armpit.  Such  plague  cases  may  nevertheless  be  in- 
strumental in  spreading  the  disease.  The  case 
mortality  of  plague  in  India  in  1909  was  upwards 
of  80  per  cent. 
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Bacteriology. —The  causal  organism,  Bacillus 
pestis,  was  discovered  in  1894  by  Kitasato  in  the  blood 
of  patients  suffering  from  the  disease.  It  is  a  small, 
round-ended,  oval  cell,  with  marked  polar  staining, 
hence  presenting  an  appearance  not  unlike  a  diplo- 
coccus.  In  the  middle  there  is  a  clear  interspace, 
and  the  whole  is  surrounded  with  a  thick  capsule, 
stained  only  with  difficulty.  The  organisms  are  non- 
motile  and  often  linked  together  in  pairs  or  even 
chains  (especially  in  fluid  cultures),  and  exhibit  poly- 
morphic forms.  In  culture  the  bacillus  may  be  coccal 
or  bacillary  in  form. 

It  grows  readily  on  the  ordinary  media  at  blood- 
heat,  producing  smooth,  shining  circular  cream- 
coloured  colonies,  with  a  wavy  outline,  which 
eventually  coalesce  to  form  a  greyish  film.  If  melted 
butter  (or  ghee)  or  oil  be  added  to  bouillon,  the 
bacillus  grows  in  "  stalactite  "  form.  The  following 
negative  characters  assist  in  difierentiating  the  bacillus  : 
There  is  no  growth  on  potato ;  milk  is  not  coagulated  ; 
gelatin  is  not  liquefied;  Gram's  method  does  not 
stain  the  bacillus  ;  and  there  are  no  spores.  The 
bacillus  is  readily  killed  by  heat  or  by  desiccation 
over  sulphuric  acid.  It  should  be  noted  that  the 
life  of  the  plague  germ  (extra-corporeal)  in  soil 
and  in  the  floors  and  walls  of  houses  is  of  short 
duration. 

In  the  body  the  bacillus  chiefly  frequents  the 
spleen  and  lymph  glands,  the  latter  becoming  inflamed, 
especially  the  inguinal  and  axillary. 

Hafl"kine  has  prepared  a  vaccine  which  diminishes 
the  incidence  and  fatality  of  the  disease  in  inoculated 
populations,  although  the  degree  of  protection  is  not 
perfect.  The  vaccine  is  made  from  a  six-weeks-old 
broth  culture  of  B.  pestis,  sterilized  at  65-70°  C.  for  an 
hour,  and  preserved  in  bottles  containing  0-5  per  cenl. 
carbolic  acid.    The  dose  is  5-10  c.c.    Lustig  dissolves 
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agar  cultures  o£  the  bacillus  in  caustic  potash, 
jDrecipitates  the  nucleo-proteins,  and  dries  in  vacuo. 
The  dose  is  about  3  mg.  Haffkine's  vaccine  has 
reduced  the  number  of  attacks  and  the  mortality. 

Plague  is,  in  a  general  sense,  a  disease  of  locality. 
It  is  contracted  principally  at  night,  and  though  an 
infectious  disease  the  part  which  man  plays  as  a 
dii'ect  agent  is  more  or  less  subordinate.  The 
Indian  Plague  Commission  have  shown  that  the 
essential  cause  of  epidemics  is  the  plague-stricken 
rat,  and  the  intermediate  agent  between  rat  and  man 
and  rat  and  rat  is  the  common  rat  flea  (Fulex  cheopis), 
which  acts  as  a  carrier  of  the  bacillus.  The  common 
English  rat  flea  is  Ceratophyllus  Jasciatus,  and  an 
efiicient  host  of  plague  germs.  The  blood  of  an 
infected  rat  generally  contains  enormous  numbers 
of  bacilli,  and  insects  sucking  such  blood  readily 
become  infected,  though  they  may  not  die  of 
the  disease.  Rats,  which  usually  suffer  from  plague 
before  epidemics  occur  among  men,  thus  convey 
infection  from  place  to  place  and  from  port  to  port. 

Preventive  measures,  therefore,  include  the  re- 
moval of  favouring  conditions  such  as  filth,  polluted 
soil,  vermin,  uncleanliness,  and  overcrowding;  the 
vigorous  disinfection  of  infected  houses,  burning  as 
much  as  possible ;  early  diagnosis,  notification  of 
cases,  temporary  isolation  and  observation  of  "  con- 
tacts "  ;  the  production  of  artificial  immunity  by  means 
of  inoculation  with  Haffkine's  prophylactic  ;  and  the 
extermmation  of  rats,  particularly  from  occupied 
buildings,  and  rendering  such  dwellings  rat-proof. 
The  destruction  of  rats  may  be  accomplished  by 
various  rat  traps  and  poisons  (phosphorus,  arsenic, 
bacterial  virus,  etc.),  and  on  board  ship  also  by 
pumping  COj  or  SOg  under  pressure. 

In  1910  the  L.G.B.  issued  Regulations  requiring 
the  S.A.  of  any  district  where  there  was  an  unusual 
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mortality  among  vats  to  report  to  the  Board  and 
to  take  measures  for  the  destruction  of  rats,  for 
removing  all  harbourage  for  rats,  and  for  preventing 
their  entrance  into  buildings.  In  1911  the  Port  of 
London  Authority  issued  bye-laws  for  the  prevention 
of  an  outbreak  of  plague  amongst  rats  at  the  docks. 
Dead  bodies  of  rats  should  be  burnt  or  buried  deeply. 

Malarial  diseases  may  conveniently  be  con- 
sidered as  a  single  group,  although  they  include  many 
varieties  that  have  received  specific  names.  All  have  a 
characteristic  tendency  to  periodicity  in  the  course  which 
the  symptoms  follow,  and  this  peculiarity  is  made  the 
basis  of  a  broad  subdivision  into  intermittent  and 
remittent  types  of  fever,  the  former  being  the  less 
severe. 

Intermittent  fever  or  ague  is  further  subdivided 
into  quotidian,  tertian,  and  quartan  varieties,  according 
to  the  length  of  interval  between  the  attacks,  which 
may  occur  daily,  every  second  day,  or  every  third 
day.  Each  attack  is  marked  by  a  cold,  a  hot,  and 
a  sweating  stage  ;  but  the  temperature  in  the  intervals 
always  becomes  normal.  Of  these  sub-varieties,  quo- 
tidian ague,  Avith  daily  attacks,  is  the  most  severe,  has 
the  longest  hot  stage  and  the  shortest  cold  stage,  and 
approaches  the  most  closely  to  the  remittent  type. 

In  remittent  fevers  there  are  one  or  two  exacerba- 
tions every  day,  but  the  temperature  during  the 
intervals  does  not  subside  to  the  normal  level,  nor  do 
the  constitutional  symptoms  entirely  disappear.  The 
cold  stage  is  very  short  and  the  hot  stage  protracted. 
Remittent  fevers  are  met  with  principally  in  tropical 
regions,  but  are  endemic  in  many  marshy  districts  in 
Southern  Europe,  and  occasionally  spread  as  far  north 
as  the  Baltic, 

General  conditions.— As  the  intensity  of  the  endemic  or 
epidemic  prevalence  diminishes,  the  individual  cases  tend  to 
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assume  more  and  more  the  intermittent  type.  Broadly  speak- 
ing, the  tendency  to  malaria  increases  with  the  temperatui'e, 
especially  if  the  diurnal  range  of  temperature  is  high.  Atmo- 
spheric humidity  is  also  favourable  to  malaria.  Moisture  of  the 
upper  part  of  the  soil  is  an  almost  invariable  condition  of 
malarious  districts,  and  the  effect  has  been  said  to  be  heightened 
by  a  slight  superficial  drying.  Clay  soils,  which  retain  mois- 
ture, are  among  the  worst,  but  chalk,  or  sand,  or  other  porous 
soil,  may  become  highly  malarious  if  from  any  cause  the  sub- 
soil water  is  high.  Malarious  soils  almost  always  contain 
decomposing-  vegetable  matter  in  greater  or  less  quantity.  In 
some  disti'icts  heavj^  rainfall,  especially  after  long  heat  and 
drought,  is  generally  followed  by  outbreaks  of  malaria,  and  irri- 
gation has  a  similar  tendency.  They  cease  to  be  malarious  when 
the  ground  is  either  completely  flooded  or  dried — temporarily  or 
permanently — by  drainage  and  extensive  planting  (e.g.,  with 
Eucalyptus  globulus).  As  regards  the  surface,  the  prevalence 
of  malaria  decreases  with  the  elevation,  other  things  being- 
equal,  and  if  there  be  a  sufficient  lowering  of  temperature. 
High  ground  is  the  most  healthy,  but  exception  must 
be  made  in  respect  of  spurs  of  hills  and  depressions  even  at 
high  levels,  and  more  particularly  of  ravines.  Among  other 
causes  conducive  to  malaria  are  abandonment  of  cultivation,  or, 
on  the  other  hand,  the  breaking-up  of  new  ground,  excavation, 
or  cutting  down  trees.  Fodor  concludes  from  observations  at 
Pesth  that  only  the  superficial  layers  of  the  soil  are  concerned 
in  producing  conditions  favourable  to  malaria. 

Such  being  the  general  characteristics  of  malarious  districts 
as  regards  climate  and  soil,  it  must  next  be  pointed  out  that 
they  are  in  themselves  inadequate  to  produce  malaria,  and  also 
that  some  of  them  are  entirely  wanting  in  highly  malarious 
localities.  Malaria  is  unknown,  for  example,  in  many  parts  of 
Ireland,  in  the  Bermudas,  and  the  Pampas  of  South  America, 
where  the  physical  conditions  would  a  priori  appear  to  be 
highly  fa,vourable.  On  the  other  hand,  some  of  the  malarious 
districts  in  the  Deccan  and  Mysore  are  steep  mountain  slopes, 
and  many  others  in  India  and  elsewhere  are  equally  free  from 
moisture  of  the  soil.  Instances  are  common  in  which  districts, 
previously  healthy,  become  temporarily  or  permanently 
malarious,  without  apparent  change  in  their  physical  condi- 
tions. Malaria  being  a  specific  disease,  the  presence  of  a 
specific  organism  is  necessary,  and  the  conditions  above 
described  are  to  be  regarded  merely  as  more  or  less  favourable 
to  its  growth  and  dissemination. 

The  malaria  parasite  being  a  blood  parasite,  the  primary 
efl:ect  of  its  presence  is  manifested  in  the  blood,  and  as  a  result 
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the  disease  is  characterized  by  oligocythaemia,  marked  diminu- 
tion (10-50  per  cent.)  of  haemoglobin,  anasmia,  etc. ;  the  spleen 
is  enlarged  and  pigmentation  occurs.  The  three  pathognomic 
signs  _  of  malaria  are  tertian  and  quartan  periodicity,  the  effect 
of  quinine,  and  the  microscopic  examination  of  the  "blood. 

Etiology  of  malaria. — In  1880  Laveran  first 
discovered  and  described  parasites  in  the  blood  cells 
of  malarial  patients,  and  on  further  investigation  it 
was  soon  found  that  these  assumed  many  difierent 
forms.  These  differences  depend  upon  the  kind  of 
fever  and  the  stage  of  fever.  The  reasons  for  believing 
that  Laveran's  bodies — though  they  have  not  yet 
been  cultivated  outside  the  human  body— are  the 
specific  cause  of  malaria  ax-e  that  the  parasites  found 
in  the  blood  of  malarial  patients  of  all  countries  are 
the  same,  and  such  parasites  are  not  found  in  healthy 
persons ;  that  their  development  fully  accounts  for 
the  production  of  the  melansemia  and  malarial  pig- 
mentations of  viscera  owing  to  the  melanin-forming 
property  of  the  parasite ;  that  the  phases  in  the 
development  of  such  parasites  correspond  with  the 
clinical  course  of  malaria  (Golgi) ;  that  quinine,  which 
cures  malaria,  kills  the  parasite  ;  and  that  malaria  can 
be  conveyed  by  the  introduction  of  this  par-asite  into 
the  blood  of  man,  and  the  parasite  reappears  in  the 
blood  of  the  individual  so  inoculated.  Laveran's 
bodies  have  been  variously  classified  as  knowledge  of 
them  has  grown.  It  is  now  agreed  that  these  parasites 
belong  to  the  Sporozoa,  to  the  order  of  Ilmmocytozoa, 
and  to  the  genus  of  Hmmamceha.  They  gain  access 
to  the  blood  corpuscles  in  which  they  develop,  pro- 
ducing sporocytes,  which,  on  the  rupture  of  the 
corpuscle,  become  free  in  the  blood  and  attack  other 
corpuscles  passing  through  the  same  changes  (the 
cycle  of  Golgi),  and  resulting  in  a  fresh  generation  of 
spores.  The  exact  changes,  however,  depend  partly 
upon  the  form  of  disease  (quartan,  or  benign  tertian. 
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or  malignant  quotidian),  but  much  more  so  upon  the 
immediate  needs  of  the  parasite,  that  is  to  say,  whether 
the  development  is  to  be  in  the  human  body  only  and 
asexual,  or  in  the  mosquito  and  sexual.  [Manson,  Boss, 
and  others. )  If  it  is  to  be  the  latter  the  amoebula  does 
not  sporulate  in  the  corpuscle,  but  becomes  a  crescent- 
shaped  body  absorbing  the  corpuscle.  These  crescents, 
or  gametocytes,  are  of  two  forms,  male  and  female,  and 
are  the  first  stage  i]a  the  extra-corporeal  stage  of  the 
life-cycle,  that  is  to  say  in  the  mosquito.  The  male 
gamete  [microgametocyte)  develops  flagella,  which  are  of 
the  nature  of  spermatozoa,  and  break  off  from  the  cell 
and  become  free  in  the  blood  ingested  by  the  mosquito. 
The  female  crescent,  or  gamete  {macrogametocyte) 
starts  in  the  same  way  as  the  male  form,  but  becomes 
spherical  and  extrudes  two  polar  bodies,  receiving  at 
the  site  of  extrusion  an  impregnation  by  the  free 
flagellum  of  the  male  cell.  The  result  is  a  zygote,  a 
travelling  vermicule,  which  passes  into  the  stomach 
wall  of  the  mosquito,  and  becomes  encysted  there,  and 
eventually  reproduces  spores  or  sjwrozoits.  About  the 
twelfth  day  it  bursts,  discharging  the  reproductive 
elements  into  the  body  cavity  of  the  mosquito,  which, 
passing  from  thence,  become  accumulated  in  the 
salivary  gland,  and  are  thus  in  position  to  be  injected 
into  the  blood  of  the  next  human  being  bitten  by  the 
mosquito.  In  the  human  blood  again  they  attack  the 
corpuscles,  and  recommence  the  asexual  life  cycle. 
J ust  as  the  sporocytes  are  the  means  of  propagating 
the  parasite  in  the  blood,  so  the  flagellated  body  and 
sexual  cycle  are  the  means  of  propagation  in  the 
mosquito. 

The  species  of  mosquito  which  has  been  shown  to 
be  the  host  of  the  malaria  parasite  is  the  Anopheles, 
the  body  of  which  is  slim,  the  proboscis  long  and 
thick,  the  palpi  long,  and  the  wing  "  dappled,"  with 
dark  spots  on  its  anterior  margin.    It  is  a  "  puddle- 
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breeding  "  insect.  The  common  mosquito,  or  Gulex, 
has  short  palpi,  thick  body,  thin  proboscis  and  un- 
spotted wings.  It  is  a  "pot-breeding"  mosquito. 
Certain  conditions  are  necessar}^  for  the  multiplication 
of  malarial  mosquitoes,  namely,  high  atmospheric  tem- 
perature, 75-1 04^*  F.,  collections  of  watei-,  fresh  or 
brackish,  and  the  presence  in  the  breeding  pools  of 
low  forms  of  animal  and  vegetable  life.  Many  of  the 
physical  conditions  hitlierto  cited  as  favourable  to  the 
disease  are  now  seen  to  be  favourable  to  the  specific 
mosquito,  and  their  relationship  to  malaria  is  thus,  in 
part,  explained.  The  prevention  of  malaria  depends 
upon  the  fulfilment  of  four  chief  requii'ements : 
(1)  The  prevention  of  mosquito  breeding  by  land- 
drainage  and  removal  of  collections  of  water ;  (2)  the 
destruction  of  mosquitoes  (Anoj^heles)  and  of  their 
eggs,  larvae,  and  nymphse ;  (3)  avoidance  of  mos- 
quito bites,  and  (4)  the  therapeutic  and  prophylactic 
use  of  quinine. 

Relapsing'  fever,  "famine  fever,"  or  "bilious 
typhoid,"  was  first  recognized  clearly  in  Ireland  in  the 
eighteenth  century,  and  still  has  its  principal  focus 
there,  although  epidemics  are  not  infrequent  in  Scot- 
land, and  have  occurred  in  England,  Northern  Europe, 
the  Levant,  India,  and  several  eastern  countries. 
It  occurs  often  in  conjunction  with  typhus,  and  is 
apparently  closely  related  to  it  in  etiology.  Epidemics 
of  the  two  diseases  frequently  coincide,  or  one  follows 
the  other  closely,  or  sporadic  cases  of  the  one  are 
observed  during  prevalence  of  the  other.  Neither 
climate  nor  weather  has  been  found  to  influence  it  in 
any  marked  degree,  nor  has  it  any  apparent  relation 
to  soil.  Overcrowding  and  want  of  food  are  powerful 
predisposing  causes,  especially  the  latter,  which  Mur- 
chison  thought  was  capable  of  originating  the  disease, 
but  many  epidemics  have  occurred  without  notcAvorthy 
privation.    The  wealthier  classes  are  almost  exempt, 
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and  females  are  less  susceptible  than  males.  Under 
favourable  conditions  it  appears  in  districts  that  have 
long  been  free  from  it,  and  in  many  such  cases -no- 
history  of  imported  infection  can  be  made  out.  It 
has  been  suggested  that  the  specific  agent  may  be^ 
conveyed  by  parasites,  such  as  pediculi. 

The  disease  is  highly  infectious,  but  ajipears  to  be 
capable  of  transport  through  the  air  for  short  distances 
only,  though  it  readily  attaches  itself  to  fomites.  A 
specific  spirochseta  was  discovered  by  Obermeier  (in 
1873)  in  the  blood  of  patients  during  the  febrile  stage 
only,  and  inoculation  with  blood  containing  spirochtetse 
has  been  found  to  reproduce  the  disease  in  men  and 
monkeys.  It  is  possible  that  there  is  some  relation 
between  Obermeier's  spirochiieta  and  the  ti-ypanosomes 
recently  found  in  sleeping  sickness.  It  is  probably 
communicated  by  the  bite  of  a  tick  parasite  (hence 
known  as  tick  fever).  The  protection  afforded  by  an 
attack  is  slight.  Only  about  5  per  cent,  of  the  cases 
terminate  fatally,  but  convalescence  is  slow. 

Lieprosy  is  a  disease  of  great  antiquity  in  Egypt, 
India,  China,  and  Japan.  The  Biblical  term  "  leprosy  " 
doubtless  included  many  forms  of  skin  disease,  and 
the  same  ambiguity  attends  most,  if  not  all,  of  the 
other  records  of  the  disease  in  former  ages. 

Lepi'osj'  has  "been  especially  confounded  witli  syphilis  and 
elephantiasis  arabum,  true  leprosy  being  sometimes  termed 
elephantiasis  grsecorum.  It  probably  made  its  appearance  in 
Europe  about  the  beginning  of  the  Christian  era,  and  became 
widely  diffused  during  the  next  eight  or  nine  centuries.  A 
further  increase — attributed  by  some  to  the  Crusades — took 
place  in  the  twelfth  and  thirteenth  centuries,  but  in  the 
fourteenth  and  fifteenth  centuries  it  began  to  disappear,  and  at 
the  present  time  has  vanished  from  Europe,  with  the  exception 
of  certain  limited  districts,  more  especially  in  Norway,  Sweden, 
Finland,  Spain,  Portugal,  and  some  parts  of  Italy,  Greece, 
Turkey,  South  Russia,  and  some  of  the  Mediterranean  islands, 
including  Sicily  and  Cyprus.  In  India  in  1901  there  were 
105,000  lepers.  It  is  prevalent  in  the  West  Indies,  the  west 
2  G 
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coast  of  South  America,  Japan,  China,  and  the  greater  part  of 
Asia  ;  most  of  the  islands  in  the  Pacific,  notably  Hawaii,  and 
in  many  parts  of  Africa,  It  is  common  in  Mexico,  and  minor 
foci  exist  in  Louisiana,  New  Brimswick,  and  British  Columbia. 
Special  attention  has  recently  been  directed  to  its  increase  at 
the  Cape.  Districts  upon  or  near  the  coast  are  the  most  fre- 
quent seats  of  endemic  leprosy. 

In  England,  special  legislation  was  directed  against  leprosy 
in  the  tenth  century,  and  leper  hospitals  were  established  in 
the  eleventh,  twelfth  and  thirteenth  centuries  in  many  of  the 
larger  towns.  The  last  record  of  any  extensive  prevalence  in 
England  was  at  the  end  of  the  seventeenth  century,  and  it  is 
now  unknown  except  as  a  disease  acquired  abroad. 

Leprosy  is  diminishing  in  its  few  remaining 
European  centres,  stationary  in  the  West  Indies, 
Demerara,  South  Africa,  and  some  other  countries, 
and  spreading  in  the  Sandwich  Islands  and  New 
Caledonia.  Chinese  immigration  is  said  to  have 
introduced  it  into  North  Australia  and  British 
Columbia. 

General  conditions.— Olimatewould  appear  to  have 
little  influence,  since  the  geographical  distribution  is 
or  has  been  almost  world-wide,  nor  has  anything  been 
made  out  definitely  in  regard  to .  more  local  meteoro- 
logical conditions.  The  efiect  of  season,  if  any, 
cannot  be  traced  in  a  disease  which  begins  insidiously 
and  runs  a  protracted  course.  The  greater  incidence 
upon  coast  regions  seems  to  give  a  clue  to  the 
etiology,  but  the  disease  prevails  in  elevated  regions 
far  removed  from  the  sea.  The  use  of  fish,  and  especi- 
ally of  decomposing  fish,  as  a  principal  diet  is  sup- 
posed to  contribute  largely  to  the  causation  of  leprosy 
{Hutchinson).  This  view  is  supported  mainly  by  the 
prevalence  of  the  disease  in  littoral  districts,  but 
also  to  some  extent  by  its  frequent  appearance  in 
new  regions  among  Chinese  settlers,  whose  skill  in 
cookery  enables  them  to  make  use  of  putrid  fish,  and 
lastly  by  its  observed  disappearance  from  certain  districts 
where  fish  diet  ceased  to  be  general.    On  the  other 
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hand,  there  are  many  inland  leprous  regions  in  which 
fish  is  rare,  or,  as  in  Central  China,  limited  to  the 
nse  of  the  wealthier  classes.  The  disease  has  declined 
in  many  localities  without  any  material  change  in  diet, 
and,  further,  the  vegetarian  Brahmins  are  by  no  means 
exempt  from  leprosy.  It  would  seem,  therefore,  that  a 
fish  dietary,  if  it  has  any  etiological  significance  at  all, 
is  not  operative  in  all  cases.  Another  hypothesis  is 
that  deficiency  of  common  salt  in  food  is  conducive 
to  leprosy.  Sanitary  improvements  in  the  habits  and 
surroundings  of  the  population  have,  in  all  probability, 
been  chiefly  instrumental  in  suppressing  leprosy  in 
England  and  elsewhere.  Although  never  confined  to 
the  poorer  classes,  its  incidence  has  been  greater  upon 
those  living  in  filthy  and  unhygienic  conditions. 
It  has  been  well  described  as  a  disease  of  semi-civil- 
ization. 

Nothing  is  known  as  to  any  relation  with  telluric 
conditions,  or  transmission  by  water  or  air.  Negroes, 
Hottentots,  and  Chinese  are  more  afiected  than  white 
races  living  in  the  same  localities.  Males  sufier  in 
greater  numbers  than  females,  and  among  the  very  old 
and  the  very  young  the  disease  is  of  rare  occurrence. 

Authorities  are  at  variance  as  to  the  hereditary 
transmission  of  leprosy,  and  very  little  is  known  of 
the  way  in  which  the  disease  is  ordinarily  acquired. 
It  is  communicable  by  direct  or  indirect  means,  from 
the  sick  to  the  healthy,  and  there  is  no  certain 
evidence  of  its  arising  or  spreading  in  any  other 
way.  Hansen  states  that  no  sign  of  leprosy  had 
appeared  among  the  descendants  of  160  Norwegian 
lepers  who  settled  in  the  United  States.  Arning  has 
proved  it  to  be  inoculable,  having  successfully  in- 
oculated a  condemned  convict. 

Clinical  characters.— The  incubation  period  in 
Arning's  case  was  two  years.  It  is  believed  to  be 
very  variable,  extending  over  months  or  years,  with  or 
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without  premonitory  symptoms.  Three  chief  types  are 
described — {a)  the  anaesthetic  (or  maculo-ansesthetic), 
(h)  the  tuberculated,  and  (c)  the  inixed.  The  anaes- 
thetic form  causes  a  destruction  of  nerve  fibres,  and 
non-sweating,  anaesthetic  skin  patches,  with  or  with- 
out pigmentation  and  bullae  ;  the  tuberculated  chiefly 
affects  the  skin,  resulting  in  a  nodular  growth  or 
diffuse  infiltration,  lepromata,  "  leontiasis,"  and  marked 
disfigurement.  Mixed  leprosy  is  dependent  upon  the 
specific  deposit  in  skin  and  peripheral  nerv^e  trunks. 
The  average  duration  is  given  as  eight  years 
in  anaesthetic  and  sixteen  in  skin  leprosy,  but  with 
wide  variations.  When  the  disease  begins  in  early 
life,  its  duration  is  comparatively  short.  The  result 
is  almost  always  fatal,  but  it  is  stated  that  in  Nor- 
way thirty-eight  cases  were  cured  in  the  five  years 
1881-5,  and  Kaurin  believes  that  if  the  disease  is 
localized,  early  amputation  may  sometimes  perma- 
nently arrest  it.  According  to  Sand,  leprosy  may 
exhaust  itself  in  thirty  or  forty  years  if  the  constitu- 
tion is  exceptionally  strong. 

Bacteriology.— The  B.  leprce  was  discovered  by 
Hansen  in  1874.  It  is  present  in  enormous  numbers 
in  the  skin  and  tissues,  and  has  a  form  very  similar 
to  B.  tuberculosis.  Spores  have  not  been  seen,  but 
Neisser  holds  that  this  is  the  form  in  which  the 
bacillus  gains  entrance  to  the  body.  The  arrange- 
ment in  clumps  and  colonies  inside  the  round  cells  is 
useful  for  diagnostic  purposes.  The  bacilli  are  also 
found  free  in  the  lymphatics,  inside  connective  tissue 
cells,  in  the  walls  of  blood-vessels,  in  the  lymphatic 
glands,  and  in  the  internal  organs.  Bordoni-Uffi-ed- 
uzzi,  Carrasquilla  (1899),  and  Campana  claim  to 
have  isolated  the  bacillus  and  grown  it  on  artificial 
media,  the  two  former  aerobically  on  peptone- 
glycerine-blood-serum,  at  37°  C,  the  last-named 
anaerobically.    Cultivated  bacteria  from  the  organs 
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of  lepers,  described  rather  later  by  Babes,  and  still 
more  recently  by  Czaplewski,  differ  from  the  genuine 
bacillus  of  leprosy  in  their  incomplete  resistance  to 
acids.  There  is  little  doubt  that  the  disease  is  ])ro- 
duced  by  Hansen's  bacillus.  Bordoni-UfFreduzzi  holds 
that  the  bacillus  has  a  saprophytic  stage  in  its  life 
cycle. 

Hansen,  Ehlers,  and  others  believe  that  the  disease 
is  spread  by  contagion,  Virchow  held  the  reverse 
opinion.  Besnier  and  Sticker  consider  the  infection 
is  conveyed  in  nasal  secretion.  The  Leprosy  Com- 
mission in  India  (1890-91)  reported  that — 

(!)  Leprosy  is  a  disease  sui  generis  ;  it  is  not  a  form  of 
syphilis  or  tuberculosis,  but  has  striking  etiological  analogies 
with  the  latter.  (2)  It  is  not  inherited,  and  has  a  natural 
tendency  to  die  out.  (3)  Though  contagious  and  inoculable, 
the  extent  to  which  it  is  propagated  by  these  means  is  exceed- 
ingly small.  (4)  It  is  not  [directly  originated  by  the  use  of 
any  particular  article  of  food,  nor  by  any  climatic  or  telluric 
conditions,  nor  by  insanitary  surroundings,  neither  does  it 
peculiarly  affect  any  race  or  caste.  (5)  It  is  indirectly  in- 
fluenced by  insanitary  surroundings,  such  as  poverty,  bad  food, 
or  deficient  drainage  or  ventilation,  for  these  increase  the 
susceptibility. 

Preventive  measures.— The  practical  suggestions  of 
the  Commission  for  preventive  treatment  included 
voluntary  isolation  of  the  sick  ;  prohibition  of  the  sale 
of  articles  of  food  by  lepers;  leper  farms ;  orphanages  ; 
and  "  improved  sanitation  and  good  dietetic  condi- 
tions "  generally.  Serum-therapy  has  been  attempted, 
but  without  success.  Up  to  the  present  time  no 
curative  agent  has  been  found. 

In  Norway,  leper  asylums  were  established  in  1856, 
and  the  number  of  lepers  is  believed  to  have  steadily 
declined.  The  isolation  in  these  asylums  is  not  rigid, 
but  in  Hawaii  an  island  is  set  apart  for  the  leper 
settlement,  and  the  seclusion  is  practically  life-lono-. 
It  seems  clear  that  the  infection  is  not  acquired 
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readily,  if  we  take  the  ordinaiy  infectious  diseases  as 
a  standard,  and  there  is  some  probability  that  even  a 
partial  segregation  of  lepers  may  have  considerable 
influence  in  arresting  the  disease,  assuming  that  its 
spread  is  due  mainly  to  personal  intercourse.  The  diffi- 
culties of  obtaining  a  tolerably  complete  isolation  or 
even  registration  of  lepers  are,  of  course,  very  con- 
siderable. 

Malta  fever  (Mediterranean  fever)  is  common 
along  the  coast  of  the  Mediterranean  and  in  its  islands, 
and  occurs  elsewhere.  It  is  a  disease  of  long  dui-ation 
and  variable  symptoms,  including  remittent  fever 
(febris  undulans).  Perspiration,  pains,  swelling 
of  joints,  enlargement  of  the  spleen,  etc.,  are  among 
the  common  signs.  The  disease  simulates  typhoid 
fever.  In  1887  Bruce  cultivated  from  the  spleen 
the  Micrococcus  melitensis,  a  small,  round,  or  slightly 
oval  coccus,  occurring  singly,  in  pairs,  or  in  chains. 
It  can  be  cultivated  from  the  spleen,  on  agar  at 
37°  C.  ;  colonies  appear  about  the  third  day  as  small, 
round,  slightly  raised  growths ;  old  cultui-es  assume 
a  buff  tint.  The  organism  is  present  in  the 
peripheral  blood  in  all  cases  during  the  early 
stages  of  the  disease,  and  in  severe  pyi-exial  relapses. 
It  has  been  isolated  from  the  urine,  and  occurs  in 
great  abundance  in  the  milk  and  urine  of  apparently 
healthy  goats  and  cows.  The  disease  is  transmissible 
to  man  by  the  medium  of  milk  from  infected  goats. 

Pellagra  is  a  widely  disti'ibuted  disease  in 
Southern  Europe,  of  long  duration,  characterized  by  a 
peculiar  rash,  not  unlike  a  severe  sunburn,  which 
appears  on  the  face,  round  the  neck,  and  on  the  back 
of  the  hands  and  feet.  This  eruption  recurs  each  year 
at  determinate  seasons  (spring  and  autumn) ;  it 
appears  suddenly  under  the  influence  of  exposure 
to  sunlight,  stands  out  some  days,  then  fades  off" 
gradually,  and  is  followed  by  long  persistent  des- 
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quamation  and  roughness  of  skin.  Together  with 
the  eruption  other  symptoms  appear.  They  are 
irregular  fever,  frequent  fits  of  giddiness,  debility, 
confusion  of  mind,  salivation,  insomnia,  pyrosis,  and 
diarrhoea.  These  symptoms  abate  during  the  summer 
months  and  disappear  almost  entirely  in  winter, 
especially  in  early  cases.  They  return  with  the  rash 
each  spring.  After  a  period  of  progressive  aggra- 
vation, which  may  last  three,  five,  or  thirty  years, 
the  patient  becomes  greatly  emaciated,  partly  para- 
lysed, and  entirely  demented.  The  disease  affects  the 
agricultural  classes  almost  exclusively.  Until  re- 
cently the  disease  was  held  to  be  due  to  the  use 
of  maize,  which  was  believed  to  convey  germs,  toxins, 
or  other  poisons.  Sambon  has  recently  suggested 
that  pellagra  belongs  to  the  protozoal  group  of 
diseases  and  is  transmitted  by  sand  flies  near 
infested  streams. 

Sleeping-  sickness,  which  may  be  regarded 
as  the  terminal  stage  of  trypanosoma  infection, 
is  probably  caused  by  the  entrance  into  the 
blood,  and  thence  into  the  cerebro- spinal  fluid, 
of  a  species  of  trypanosome  (probably  the  Trypano- 
soma gambiense,  p.  336),  which  is  transmitted  from  the 
sick  to  the  healthy  by  a  tsetse  fly  (Glossina  palpalis), 
and,  apparently,  by  it  alone.  It  has  been  demonstrated 
by  experiment  that  not  only  were  these  flies,  fed  on 
sleeping  sickness  cases,  capable  of  conveying  the 
disease  to  healthy  monkeys,  but  that  freshly  caught 
flies  from  an  infected  area,  without  any  artificial 
feeding,  were  also  capable  of  conveying  the  disease. 
This  fly,  like  its  congener  the  tsetse  fly  of  South 
Africa,  is  confined  to  well-defined  areas,  which  corre- 
spond absolutely  with  the  distribution  of  sleeping 
sickness;  whereas,  in  regions  where  no  Glossina 
palpahs  is  found,  although  other  biting  flies  abound 
there  is  no  sleeping  sickness.    While  a  large  percent- 
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age  of  the  inhabitants  of  the  sleeping  sickness  areas 
have  the  trypanosome  in  their  Llood,  in  not  a  single 
inhabitant   of  non-sleeping  sickness  areas  was  this 
parasite  found.  Monkeys  inoculated  with  cerebro-spinal 
fluid  from  sleeping  sickness  patients,  or  with  blood 
from  natives  not  as  yet  showing  symptoms  of  sleeping 
sickness,  but  containing  a  similar  parasite,  sickened 
and  died  with  all  the  symptoms  of  sleeping  sickness. 
As  in  the  case  of  ankylostoma,  individuals  may  have 
this  trypanosome  in  their  blood,  and  yet  reveal  no 
symptoms  of  the  disease.    A  Portuguese  Commission 
laid  emphasis  upon  a  diplo-streptococcus  which  a 
number  of  observers  have  found  to  be  present. 

The  disease  has  spread  in  the  Congo  region, 
Uganda,  and  northwards  along  lines  of  communica- 
tion, that  is  rivers,  and  has  become  a  scourge  in 
certain  riverine  tribes.  Clinically  the  early  stage  of 
sleeping  sickness  may  be  recognized  by  profound 
languor  and  debility,  the  enlargement  of  the  cervical 
glands  (polyadenitis),  enlargement  of  the  spleen, 
oedema,  and  certain  pathological  conditions  of  the 
blood,  including  lymphocytosis.  Sleeping  sickness 
seems  to  be  invariably  fatal. 

Dysentery- Clinically  dysentery  takes  various 
forms  according  to  the  chief  character  of  the  intes- 
tinal lesion,  e.g.  catarrhal,  ulcerative,  fulminating, 
relapsing,  recurring,  chronic,  gangrenous,  ha^morrhagic. 
The  leading  symptoms  are  griping,  tenesmus,  and  muco- 
sanguineous  stools.  Three  factors  are  concerned 
in  [the  production  of  the  disease  :  (a)  Influences  that 
weaken  the  bowels,  (6)  specific  germs  or  parasites  and 
(c)  the  ordinary  bacteria  of  suppuration.  Three  types 
of  dysentery  are  now  recognized:  (1)  Endemic  or 
tropical  dysentery,  due  to  Ama^bce,  Balanttdmm  coh 
the  Bilharzia,  or  the  parasites  of  kala-azar  and 
malaria;  (2)  epidemic  dysentery,  due  to  Bacillus 
dysenteric^;  Bacillus   coli,  or  other  bacteria;  and 
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(3)  verminous  dysentery,  set  up  by  Schistosomum. 
Mott  holds  that  "  asylum  dysentery  "  is  identical 
with  tropical  dysentery,  and  that  both  conditions  are 
in  all  probability  of  bacillary  origin. 

The  disease  is  not  confined  to  tropical  climates. 
At  one  time  it  was  "  one  of  the  most  prevalent  and 
fatal  diseases  of  London  "  (Baly).  It  is  believed  to 
be  influenced  by  season  and  soil,  autumn  and  polluted 
subsoil  favouring  its  occurrence,  though  personal  pre- 
disposing conditions  doubtless  play  an  important  part. 
From  a  sanitary  point  of  view,  water  supply,  dietary, 
and  uncleanliness  are  the  conditions  into  which  inquiry 
should  be  made.  It  is  probable  that  the  excreta 
serve  as  one  of  the  chief  media  of  infection,  and  they 
should  therefore  be  disinfected.  Apart  from  institu- 
tional outbreaks  (e.g.  asylum  dysentery)  dysentery  is 
a  comparatively  rare  disease  in  this  country. 

Beri-l>eri  is  endemic  in  Western  India,  in  the 
Indian  Archipelago.  China  and  Japan.  It  is  mostly 
confined  to  the  working  classes,  and  is  said  by  some 
to  be  due  to  an  organism  or  fungus  or  mould  mixed 
with  or  infecting  stale  white  rice  ;  others  consider  it 
a  "  place  disease,"  and  Durham  holds  that  it  is  more  a 
"  gang  "  or  "  institutional "  disease.  It  is  a  kind  of 
communicable  scurvy  of  the  tropics,  afiecting  the 
underfed,  and  is  characterized  by  weakness,  partial 
paraplegia,  dropsical  distension  of  the  abdomen, 
limbs,  and  face,  and  many  of  the  features  of  alcoholic 
neuritis.  Probably  the  disease  is  communicated  from 
person  to  person  directly  or  through  fomites,  though 
Braddon  holds  that  it  is  caused  by  a  non-volatile 
alkaloid. 

Black  water  fever  is  characterized  by  p5Texia  fol- 
lowiag-  a  rigor,  bilious  vomiting,  icterus,  hicmoglobinuria,  and 
frequently  suppression  of  urine.  The  distribution  is  wide  and 
endemicity  is  limited  to  low,  swampy  grounds.  The  etiology 
is  not  yet  determined.  There  are  three  theories,  attributing 
it  respectively  to  malaria,  quinine,  and  hiemoprotozoa. 


506 


TROPICAL  DISEASES      [chap,  xrv 


Kala-azar  (Burdwan  fever).— This  is  a  chronic  in- 
fective disease  with  irregular  fever,  enlargement  of  spleen, 
amemia,  and  the  presence  of  "Leishman  bodies  "  (a  species  of 
Herpetomonas).  An  epidemic  occurred  in  Assam  in  1870,  and 
various  sporadic  cases  have  been  described. 

Deng'ue  is  now  known  to  have  occurred  in  epidemic 
form  in  the  last  century,  but  was  first  recognized  during  out- 
breaks in  Farther  India  in  1824,  and  in  the  West  Indies, 
Mexico,  and  the  Southern  States  in  1827-8,  Dengue  resembles 
influenza  in  the  intensity  of  its  epidemics,  which  often  afEect 
almost  every  person  in  a  town.  It  spreads  mainly  along  lines 
of  tratfic.  Even  in  tropical  countries  its  prevalence  is  greatest 
in  the  hot  season,  and  elsewhere  it  occurs  only  in  summer  and 
autumn,  and  in  years  of  high  temperatures.  It  affects  mari- 
time towns,  and  rarely  spreads  inland.  Low-lying,  filthy  and 
overcrowded  quarters  are  the  first  to  be  attacked.  After  a 
short  incubation  of  two  to  four  days  the  onset  is  sudden,  with 
rigors,  pyrexia,  and  acute  pains  and  tenderness  in  the  small 
joints  of  the  hand  and  feet.  Very  soon  the  large  joints  become 
affected,  then  the  bones  and  muscles,  and  the  head  and  back. 
A  transient  erythema  appears  at  this  stage  in  half  the  cases. 
In  one  or  two  daj's  a  remission  or  intermission  of  all  the 
symptoms  occurs  after  profuse  sweats  having  a  pungent  odour, 
but  after  a  short  interval  the  symptoms  return  in  a  modified 
degree,  often  accompanied  by  glandular  swellings,  and  a  rub- 
eolous  rash,  whicb  as  a  rule  consists  of  irregular  red  elevated 
spots.  The  second  febrile  stage  passes  off  in  three  or  four  days 
at  longest,  and  slow  desquamation  and  convalescence  follow. 
Dengue  is  fatal  only  in  debilitated  persons,  or  in  the  very 
young  or  old.  In  some  epidemics  the  disease  has  apparently 
attacked  cattle,  dogs,  and  cats.  It  is  believed  to  be  caused 
by  a  germ  or  amoeba. 
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PREVENTION  OF  INFECTIOUS  DISEASES 

In  the  preceding  chapters  reference  has  been  made  to 
the  various  means  by  which  specific  and  other  diseases 
are  disseminated  or  checked.  It  remains  to  consider 
the  powers  and  duties  of  the  S.A.,  and  of  the  M.O.H., 
in  relation  to  preventible  diseases,  and  especially- 
infectious  diseases.  All  infectious  diseases  may  be 
said  to  be  preventible,  but  not  all  are  amenable  to 
the  preventive  measures  which  at  present  can  be 
enforced  by  the  most  active  sanitary  administration. 
Small-pox  and  rabies  may  be  taken  as  types  of 
specific  diseases  which  can  be  and  ought  to  be  sup- 
pressed, and  are  now,  as  a  matter  of  fact,  limited  to 
such  persons  and  such  populations  as  do  not  choose 
to  adopt  the  measures  which  reiterated  experience 
has  shown  to  afford  safety.  Measles  and  whooping- 
cough,  on  the  other  hand,  although  strictly  speaking 
preventible  diseases,  always  dependent  (so  far  as  we 
know)  upon  direct  or  indirect  infection  from  other 
cases,  have  not  yet  been  brought  under  control.  No 
prophylaxis  has  been  discovered,  and  as  infants  are 
especially  liable,  the  susceptibility  of  the  population  is 
speedily  renewed,  even  after  an  outbreak.  Isolation 
and  disinfection  are  theoretically  capable  of  arresting 
the  spread  of  these  diseases  if  applied  in  every  case 
and  at  the  commencement  of  the  infectious  stage,  but 
in  practice  this  can  scarcely  be  accomplished  at 
present,  for  reasons  that  will  be  stated  later. 

Scarlet  fever,  diphtheria,  and  enteric  fever  are 
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examples  of  a  different  class.    They  are  not  entirely 
dependent  upon  infection  from  person  to  person,  but 
are  affected  by  a  variety  of  conditions  of  which  every 
year  brings  us  fuller  knowledge.    Some  of  these  con- 
ditions, including  personal  infection,  infection  from 
lower  animals  (by  consumption  of  milk  or  flesh,  or  in 
other  ways),  and  infection  by  drinking-water,  are  more 
or  less  under  our  control.    So,  too,  are  the  various 
"  insanitary  conditions  "  which  conduce  to  the  spread 
and  malignancy  of  specific  diseases,  and  telluric  condi- 
tions also  are  to  a   great  extent  remediable.  Ex- 
perience has  shown  that  if  cai-ried  out  thoroughly, 
isolation,    disinfection,    and   quarantine    can  very 
greatly  reduce  the  incidence  of  these  diseases,  but 
there  is  always   danger  from    unrecognized  cases, 
from   the   early    stages    of  the  disease  before  the 
diagnosis  is  made,  from    importation  of  infection 
and  from  accidental  or  wilful  neglect  of  precautions. 
It  must  also  be  remembered  that  there  may  be 
modes  of  infection  in  these  diseases  at  present  un- 
known to  us,  and  this  is  especially  probable  in  x'espect 
to  diphtheria.    By  way  of  summary  it  may  be  said 
that  the  chief  means  of  prevention  are  (a)  notifica- 
tion, (6)  isolation  and  quarantine,   (c)  disinfection, 
and    {d)     prophylactic   inoculation    (vaccines  and 
antitoxins). 

Compulsory  notification  of  certain  infec- 
tious diseases  rests  in  London  upon  the  Public 
Health  (London)  Act,  1891,  and  elsewhere  upon 
the  Infectious  Diseases  (Notification)  Act  of  1889, 
as  amended  by  the  Infectious  Diseases  (Notification) 
Extension  Act  of  1899,  which  also  enables  any 
S.A.  with  the  sanction  of  the  L.G.B.  to  add 
temporarily  or  otherwise  other  infectious  diseases 
to  those  scheduled  in  the  Act,  which  are— small- 
pox, cholera,  diphtheria,  membranous  croup,  erysi- 
pelas, scarlet  fever,  typhus,  enteric  fever,  relapsing 
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fever,  continued  fever,  puerperal  fever.  The  inclusion 
of  membranous  croup  in  the  list  tends  to  make  the  re- 
porting of  diphtheria  more  complete,  and  "  continued 
fever  "  covers  obscure  cases  of  enteric  fever,  or  possibly 
typhus.  A  large  number  of  trivial  cases  are  reported 
as  erysipelas,  but  the  disease  has  practical  importance 
in  connexion  with  vaccination  and  puerperal  fever. 
Doubt  having  arisen  as  to  the  meaning  to  be  attached 
to  "  puerperal  fever,"  the  Royal  College  of  Physicians 
have  expressed  the  opinion  that  it  should  be  understood 
to  include  "  septicsemia,  pysemia,  septic  peritonitis, 
septic  metritis,  and  other  septic  inflammations  in  the 
pelvis  occurring  as  the  direct  i^esult  of  childbirth." 
In  London  and  upwards  of  sixty  sanitary  areas 
ophthalmia  neonatorum  is  now  (1911)  compulsorily 
notifiable,  and  cerebro-spinal  fever  (epidemic  cerebro- 
spinal meningitis)  has  been  placed  temporarily  on  the 
notifiable  list. 

Certain  minor  diseases,  such  as  chicken-pox,  may 
be  made  notifiable  temporarily  or  otherwise  in  order 
to  ensure  detection  of  more  serious  complaints  such 
as  small-pox.  In  1908  the  L.G.B.  approved  of  the 
extension  of  the  Notification  Act,  1899,  to  glanders, 
anthrax  and  hydrophobia  in  man  in  areas  where  these 
diseases  were  prevalent. 

Foi-ms  of  certificate  are  suppliedto  every  practitioner 
practising  in  the  district,  and  a  fee  of  2s.  6d.  is  paid  to 
him  for  each  certificate  regarding  a  private  patient  and 
Is.  for  each  case  in  public  practice.  "Every  medical  prac- 
titioner attending  on,  or  called  in  to  visit,  the  patient 
shall  forthivith,  on  becoming  aware  that  the  patient  is 
suffering  from  an  infectious  disease  to  which  this  Act 
applies,  send  to  the  M.O.H.  for  the  disti-ict  a 
certificate  stating  the  name  of  the  patient,  the 
situation  of  the  building,  and  the  infectious  disease 
from  which,  in  the  opinion  of  such  medical  practitioner, 
the  patient  is  suffering."    The  penalty  for  default  is  a 
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fine  not  exceeding  40s.  Under  the  same  penalty  the 
householder  is  compelled  to  notify,  but  in  a  less  formal 
way,  and  without  receiving  any  fee.  The  Act  aj^plies 
to  "  every  ship,  vessel,  boat,  tent,  van,  shed,  or 
similar  structure  used  for  human  habitation,"  but 
not  to  any  "  hospital  in  which  persons  suffering 
from  an  infectious  disease  are  received."  It  gives 
no  power  of  compulsory  removal  of  patients  to 
hospital,  nor  even  power  of  entering  upon  the  pre- 
mises for  the  purpose  of  making  inquiries,  but  it  is 
very  rarely  that  any  difficulty  is  met  Avith  in  the 
latter  respect. 

Among  the  advantages  to  be  derived  by  the  M.O.H. 
from  compulsory  notification  are  the  following  : — 

1.  Early  and  complete  knowledge  of  all  the  cases  of  noti- 
fiable disease,  and  thus  of  the  whole  prevalence  and  distribution 
in  the  district.  Death-returns  give  only  a  small  fraction  of 
the  cases,  and  after  an  interval  of  many  days  or  weeks. 

2.  Power  to  exercise  such  supervision  as  may  be  necessary 
over  ever)'^  case  during  its  whole  coui'se,  and  to  enforce  due 
observance  of  the  provisions  of  the  Public  Health  Act  as 
regards  isolation  and  disinfection.  This  has  special  importance 
in  connexion  with  outbreaks  of  scarlet  fever,  diijhtheria,  or 
enteric  fever  in  dairies,  schools,  etc. 

3.  Opportunity  of  offering,  and  in  some  cases  compelling, 
removal  to  hospital  in  every  suitable  case,  unless  the  S.A. 
has  failed  to  provide  hospital  accommodation.  Vaccination 
can  be  offered,  and  is  rarely  refused  in  households  invaded  by 
small-pox. 

4.  Opportunity  of  investigating  the  sanitary  conditions  of 
all  households  in  which  cases  of  enteric  fever,  or  diphtheria,  or 
other  notified  disease  may  occur. 

5.  Power  to  control  the  spread  of  infection  through  schools 
or  other  centres,  by  excluding  members  of  infected  households. 

6.  Means  of  detecting  at  once  any  suspicious  grouping  of 
cases  around  schools,  milk  supplies,  water  supplies,  or  other 
common  foci.  A  comparison  of  the  data  obtained  by  the 
routine  inquiries  into  each  notified  case  will  at  once  reveal  this, 
although  there  may  be  nothing  in  any  single  case  to  arouse 
the  suspicions  of  the  friends  or  of  the  medical  attendant. 
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In  a  number  of  towns  it  has  been  found  possible, 
with  the  aid  of  notification,  to  isolate  in  hospital  all  the 
cases  of  small-pox,  and  three-quarters,  or  more,  of  the 
scarlet  fever,  and  to  establish  a  cordon  of  vaccination 
around  each  new  small-pox  centre.  Very  few  towns 
have  made  adequate  provision  for  the  hospital  isolation 
of  enteric  fever,  nor  is  there  as  yet  any  absolutely 
reliable  prophylactic  such  as  vaccination  to  be  offered, 
and,  moreover,  the  danger  of  spread  of  infection 
from  person  to  person  by  ordinary  proximity  or 
contact  is  less  mai'ked  than  in  small-pox  or  scarlet 
fever ;  hence  notification  brings  to  bear  comparatively 
slight  reinforcements  of  preventive  measures,  but  it 
has  great  value  in  bringing  to  light  any  grouping  of 
cases  around  a  water  or  milk  supply  or  other  common 
cause.  Diphtheria  is  more  readily  communicated 
from  person  to  person,  but  in  other  respects  the  same 
considerations  apply.  The  notification  of  diphtheria 
can  scarcely  be  complete  or  satisfactory,  owing  to  the 
number  of  slight  and  almost  undistinguishable  cases, 
and  hospital  isolation  upon  an  adequate  scale  has  not 
yet  been  tried. 

Epidemic  prevalence  of  disease  is  determined  by 
many  causes,  of  which  some  are  still  unknown  to  us, 
and  others  (including  climatic  conditions)  are  beyond 
human  control.  Against  such  influences,  unless  they 
should  prove  to  be  operative  merely  by  increasing  the 
facilities  for  the  spread  of  infection  in  ordinaiy  ways 
from  person  to  person,  notification  and  the  precautions 
which  it  renders  possible  are  of  no  avail,  and  epidemics 
will  continue  to  occur  in  spite  of  it.  Nevertheless  the 
known  and  preventible  causes,  such  as  the  trans- 
mission of  infection  from  person  to  person,  or  by  means 
of  milk,  are  factors  of  the  utmost  importance,  and  it 
is  safe  to  affirm  that,  however  great  or  however  small 
may  be  the  total  number  of  victims,  the  suppression 
of  known  and  preventible  favouring  conditions  renders 
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the  danger  less  than  it  would  otherwise  have  been. 
Individuals  may  be  saved,  and  widespread  outbreaks 
delayed,  restricted,  or  averted. 

The  question  whether  measles  ought  to  be  added 
to  the  list  of  notified  diseases  is  an  important  one. 
It  is  more  than  doubtful  if  any  legislation  could  at 
present  bring  about  a  complete  notification  of  measles, 
and,  if  such  could  be  obtained,  whether  it  would  be 
worth  while,  for  the  following  reasons:  (1)  Medical 
advice  is  frequently  not  taken  in  mild  forms  of 
measles.  (2)  It  is  a  purely  epidemic  disease,  which 
has  no  relation  to  water  or  milk  supplies,  or 
to  defects  of  drainage.  (3)  There  is  no  vaccina- 
tion. Isolation  and  disinfection  are,  therefore,  the 
sole  preventive  measures  which  could  be  brought 
to  bear  against  measles,  even  if  it  were  possible  to 
obtain  complete  notification.  Isolation  in  the  homes 
of  the  poor  is  impracticable,  and  isolation  in  hospitals 
would  entail  a  formidable  addition  to  their  present 
size.  The  results  of  isolation  also  are  far  less  likely 
to  be  satisfactory  in  measles  than  in  scarlet-fever, 
and  as  a  very  large  proportion  of  the  sufi"erers  are 
infants,  there  would  be  great  reluctance  on  the  part 
of  parents  to  consent  to  removal.  (4)  Infection 
begins  generally  at  least  three  days  before  the  rash 
appears.  (5)  There  is  a  long  incubation  period 
which  adds  to  the  difficulty.  (6)  Lastly,  measles 
is  often  so  widespread  that  few  susceptible  children 
among  the  working  classes  escape,  and  measures  of 
notification  and  isolation  would  be  on  too  vast  a  scale 
to  make  them  worth  while. 

That  valuable  information  would  be  derived  trom 
notification  of  measles  cannot  be  doubted,  aud  froin 
this  point  of  view  its  inclusion  m  the  schedule  ot 
notified  diseases  is  desirable.  It  is  urged,  also  that 
even  an  incomplete  notification  would  be  invaluable  in 
rendering  possible  early  control  over  school -mfection  ; 
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that  hospital  isolation  of  measles  would  no  longer 
appear  impracticable  if  epidemics  were  not  allowed  to 
proceed  unchecked ;  and  that  notification  of  measles 
would  bring  to  light  many  cases  of  scarlet  fever  which, 
in  the  absence  of  any  medical  inspection,  are  regarded 
by  the  parents  as  "  only  measles."  This  last  argument 
poiaits  to  the  notification  both  of  rotheln  and  of 
chicken-pox. 

The  same  considerations  apply  to  whooping-cough 
also.  About  2  per  cent,  of  the  Sanitary  Authorities 
of  Great  Britain  have  voluntarily  made  measles  a 
notifiable  disease  for  a  longer  or  shorter  period.  On 
the  whole,  however,  the  system  has  not  been  of  per- 
manent value.  In  London  in  1904  the  disease  was 
scheduled  under  the  Public  Health  (London)  Act  as 
a  "  dangerous  infectious  disease "  to  which  sections 
dealing  with  disinfection,  exposure  of  persons,  etc., 
should  apply.  Voluntary  notification  has  also  been 
applied  to  phthisis  in  a  number  of  sanitary  districts, 
including  Manchester,  Brighton,  and  many  of  the 
metropolitan  boroughs.  In  Sheffield,  Edinburgh,  and 
other  towns  compulsory  notification  of  phthisis  has 
been  instituted.  By  the  Tuberculosis  Prevention 
(Ireland)  Act,  1908,  phthisis  is  notifiable,  and  a  county 
council  may,  if  they  think  fit,  provide  bacteriological 
diagnosis  and  hospital  and  dispensary  treatment. 

Notification  of  pulmonary  tuberculosis  in  In= 
stitutions — In  1908  the  L.G.B.  issued  an  Order 
[Public  Health  (Tuberculosis)  Regulations,  1908)  in 
pursuance  of  Section  130  of  the  Public  Health  Act, 
1875,  as  amended  and  extended  by  the  Public  Health 
(London)  Act,  1891,  and  the  Public  Health  Act, 
1896,  to  provide  for  the  notification  to  the  M.O.H. 
of  cases  of  pulmonary  tuberculosis  occurring  among 
the  inmates  of  Poor  Law  institutions,  or  amongst 
persons  under  the  care  of  D.M.O.,  and  for  the  taking 
of  certain  measures  in  such  casps.  Under  this  Order 
2  H 
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the  Medical  Officer  of  a  Poor  Law  institution,  within 
48  hours  after  his  first  recognition  of  the  symptoms 
of  pulmonary  tuberculosis  in  the  case  of  a  poor  person 
who  is  an  inmate  of  the  institution,  must  post  to  the 
M.O.H.  of  the  sanitary  district  in  which  the  person 
resided  immediately  before  he  became  an  inmate  of 
the  Poor  Law  institution  a  notification  of  the  case  on 
a  printed  form  as  set  out  in  the  Schedule  to  the 
Order.  A  similar  notification  ha.s  to  be  posted  to  the 
M.O.H.  by  the  D.M.O.  in  the  case  of  any  poor  person 
sufi'ering  from  pulmonary  tuberculosis  on  whom  he  is  in 
medical  attendance  according  to  his  agreement  with 
a  Board  of  Guardians.  Further,  it  is  the  duty  of 
the  Superintending  Officer  of  a  Poor  Law  institution 
to  post  to  the  M.O.H.  a  notification  of  the  actual  or 
intended  place  of  destination  and  address  at  that 
place  of  any  person  leaving  the  institution  in  respect 
of  whom  a  notification  of  tuberculosis  has  been  made 
by  the  Medical  Officer  of  the  institution.  A  Relieving 
Officer  similarly  must  notify  any  change  of  address 
of  a  person  in  respect .  of  whom  a  notification  has 
been  made.  Provision  is  made  by  Article  viii. 
for  the  remuneration  of  the  officers  who  have  to 
make  notifications  under  the  Order.  The  Guai-dians 
are  required  to  supply  necessary  forms,  etc.,  all 
expenses  incurred  being  defrayed  as  establishment 
expenses. 

Nothing  in  the  Regulations  has  efiect  in  derogation 
of  any  power  or  obligation  with  respect  to  pulmonary' 
tuberculosis  under  any  local  Act,  but  subject  to  this 
the  Regulations  apply  to  any  district  in  which  a  local 
Act  containing  provisions  with  respect  to  pulmonary 
tuberculosis  is  in  force.  The  L.G.B.  may,  however, 
direct  that  so  much  of  the  Regulations  as  relates  to  a 
notification  by  a  Medical  Officer  of  a  Poor  Law  insti- 
tution or  a  D.M.O.  shall  not  have  efi'ect  in  relation 
to  that  district. 
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Similar  Regulations  were  issued  by  the  L.G.B. 
in  1911  providing  for  the  notification  of  all  cases 
of  pulmonary  tuberculosis  occurring  amongst  in- 
patients or  out-patients  at  voluntary  hospitals  or 
similar  institutions  to  the  M.O.H.  of  the  district. 

The  L.Gr.B.  have  provided  that  nothing  in  the 
Regulations  shall  have  e  fleet  so  as  to  authorize 
anyone  to  put  in  force  with  respect  to  a  person 
notified  any  enactment  which  renders  him  liable 
to  a  i^enalty  or  subjects  him  to  any  restriction, 
lorohibition,  or  disability  affecting  him  or  his  em- 
ployment, occupation,  means  of  livelihood,  or  resi- 
dence on  the  ground  of  his  suffering  from  pulmonary 
tuberculosis. 

By  Article  vii.  (2)  S.A.  are  empowered  to  take 
the  necessary  measures  to  secure  the  disinfection 
of  infected  premises  and  of  infected  articles,  to 
secure  the  destruction  of  infectious  discharges,  to 
supply  all  such  reasonable  assistance  as  will  tend 
to  diminish  the  risk  of  infection  arising  from  the 
conditions  affecting  the  use  or  occupation  by  the 
patient  of  a  room  as  a  sleeping  apartment,  and  to 
supply  for  the  use  of  the  patient  any  appliance, 
utensil  or  article  (such,  for  instance,  as  sputum 
boxes  or  bottles,  paper  handkerchiefs  and  disinfec- 
tants) which  may  be  of  assistance  in  preventing  the 
spread  of  infection. 

An  important  object  of  notification  is  to  afford 
the  S.A.  an  opportunity  of  investigating  the  con- 
ditions under  which  the  patient  has  been  living, 
and  of  ascertaining  whether  there  are  any  other 
members  of  the  household  who  should  be  encourao-ed 
to  obtain  medical  advice.  When  investigating  the 
conditions  of  living,  special  attention  should  be  paid 
to  the  abatement  of  overcrowding,  the  provision  of 
of  ample  through  ventilation,  the  removal  of  conditions 
causing   dampness  of  the  dwelling,  the  avoidance 
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of  dust,  and  to  any  other  conditions  tending  to  in- 
jure the  health  of  the  occupants  of  the  dwelling. 
S-A-  are  already  empowered  to  provide  hospitals  for 
the  treatment  of  pulmonary  tuberculosis,  and  the 
Board  advise  that  this  power  extends  to  the  pro- 
vision of  dispensaries  or  hospitals  for  the  treatment 
of  out-patients. 

Hospitals  for  infectious  diseases  may  (subject 
to  proper  safeguards)  be  economically  used  as  sana- 
toria for  patients  suffering  from  tuberculosis  where 
they  are  not  required  for  the  purposes  for  which 
they  were  provided.  The  liegulations  allow  of  the 
provision  of  appliances  or  apparatus  such  as  tem- 
porary shelters  with  the  necessary  furniture  and 
utensils  for  the  use  of  the  patient ;  and  by  these 
means  patients  may  sometimes  be  treated  at  their 
homes  under  suitable  sanitary  conditions,  or  con- 
tinue treatment  at  home  after  a  short  stay  in  a 
sanatorium. 

Under  Article  vii.  (3)  the  S-A.  on  the  advice 
of  their  HH  O.H.  may  provide  and  publish  or  distri- 
bute, in  the  form  of  placards,  handbills,  or  leaflets, 
suitable  summaries  of  information  and  instruction 
respecting  pulmonary  tuberculosis,  and  the  precautions 
to  be  taken  against  the  spread  of  infection. 

Form  of  inquiry. — The  Regulations  of  the 
L.G.B.  require  that  upon  receiving  information  of  any 
outbreak  of  dangerous  infectious  disease  the  M.O.H. 
shall  at  once  make  full  inquiries,  and  adopt  such  pre- 
cautionary measures  as  he  may  consider  requisite. 
The  necessary  inquiries  and  investigations  are  simpli- 
fied and  made  more  systematic  by  the  use  of  printed 
forms  with  spaces  for  the  insertion  of  the  details  for 
each  notifiable  disease.  Those  used  for  scarlet  fever, 
enteric  fever,  and  diphtheria  should  give  prommence 
to  the  details  of  milk  supply  and  other  channels  of 
infection. 
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The  following  inquiries  should  be  made  in  all  cases  : — 

1.  Fatient. — Address,  name,  sex,  age,  date  of  onset,  date  of 
rash,  present  and  past  isolation,  probable  source  of  infection, 
recent  contact  with  infected  persons  or  things. 

2.  Household  (including  patient).— Sex  and  age  of  each 
inmate,  susceptibility  (as  shown  by  history  as  to  previous 
attack),  date  of  previous  attack  (if  any),  occupation,  place  of 
work  or  school,  and  date  of  last  attendance  thereat. 

3.  Work  or  business  carried  on  in  the  house.  . 

4.  Water  supply  and  milk  supplxj. 

5.  Sanitary  condition  of  premises  and  surroundings. 

6.  Freviotcs  cases  of  the  disease,  or  of  conditions  allied  to  it 
or  simulating  it  in  the  home  or  in  the  vicinity,  or  at  the  school 
or  workplace. 

7.  Possible  sources  of  infection:  (1)  Visits;  (2)  visitors; 
(3)  place  of  work;  (4)  food,  milk,  ice  cream,  shell-fish, 
watercress,  etc. — what,  when,  where  purchased,  condition; 
(5)  water;  (6)  previous  cases  of  sick  headache,  sore  throat, 
or  diarrhoea  in  the  house  or  neighbourhood ;  (7)  school, 
including  Sundays ;  (8)  drain  nuisances,  at  or  near 
house  ;  (9)  tailoring,  washing,  mangling. 

In  dealing  with  an  outbreak  of  small-pox,  further  inquiry 
must  be  made  regarding  the  condition  of  each  indiAidual  as  to 
vaccination  and  revaccination,  noting  the  dates. 

In  enteric  and  diphtheria  cases  note  should  be  taken  of  the 
previous  state  of  health  of  the  patient,  the  duration  of  his 
residence  in  the  house,  and  the  occurrence  of  any  siclmess 
among  domestic  animals. 

The  precautionary  measures  to  be  enjoined,  and  if  necessary 
enforced,  will  vary  with  the  nature  of  the  disease  and  the 
circumstances  of  each  individual  case. 

Reg^isters  of  sickness — From  the  report  sheets 
more  important  details  can  be  entered  in  registers, 
a  process  which  involves  very  little  cost  of  trouble 
and  time,  and  gives  a  comprehensive  view  of  the  facts 
that  cannot  be  attained  in  any  other  way.  Each 
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disease  should  have  its  separate  register,  the  columns 
of  which  may  be  headed  as  follows  : — 


No. 

District. 

Address. 

Name  of  patient. 

Occupation. 

Sex. 

Age. 

Date  of  onset. 

,,    „  notification. 

,,    ,,  receipt  of  ditto. 

,,    ,,  removal  to  hospital. 

,,    ,,  disinfection. 
Result,  and  date  of  recovery 

or  death. 


Place  of  work  or  school. 

Date  of  last  attendance  at 
ditto. 

Milk  supply. 

Water  supply. 

Sanitary  notes. 

Reference  to  other  cases. 

Other  cases  in  household. 

Medical  attendant. 

General  notes,  as  to  pre- 
cautions, history,  etc. 

(Vaccination  :  date  and  con- 
dition.) 


If  such  registers  are  kept  systematically,  any  sus- 
picious grouping  of  cases  in  any  given  locality,  or  in 
connexion  with  any  particular  water  supply,  milk 
supply,  school,  or  woi'kplace,  cannot  fail  to  attract 
attention  at  once. 

Disease  maps. — Maps  showing  the  distribution 
of  disease  according  to  locality  can  be  readily  prepared 
from  the  information  given  in  the  report  sheets  or 
registers.  A  large-scale  map  is  needed  for  crowded 
districts.  Each  disease  being  represented  by  a  pai'ti- 
cular  colour,  a  spot  of  this  colour  or  a  coloured 
pin  is  placed  on  every  house  invaded  by  the  disease  in 
question.  Each  map  may  serve  for  one  or  more 
diseases,  and  for  a  whole  year,  or  such  shorter  time 
as  may  be  determined. 

Isolation  of  the  patient.— Hospital  isolation 
should  be  urged  in  all  cases  where  practicable,  and  can 
be  enforced  under  the  conditions  specified  in  the 
Public  Health  Act,  1875,  s.  124,  and  the  Public 
Health  (London)  Act,  1891,  ss.  66  and  67.  Much  may 
be  done  by  persuasion,  by  pointing  out  the  benefit 
to  be  derived  by  the  patient  as  regards  nursing,  food, 
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and  greater  liberty  during  convalescence,  and  by 
explaining  the  protracted  course  of  the  disease,  the 
risk  of  infection,  and  the  inconvenience  or  impossi- 
bility of  maintaining  due  isolation  at  home.  There 
will  rarely  be  much  difhculty  in  removing  small-pox 
cases. 

Failing  removal  to  hospital,  the  arrangements  for 
home  isolation  must  be  made  as  complete  as  pos- 
sible, but  in  an  ordinary  household  of  the  working 
class  due  isolation  is  impracticable,  except  perhaps 
at  first.  In  large  households  it  may  be  possible  to 
obtain  complete  isolation  and  to  maintain  it  through- 
out the  illness  upon  the  lines  indicated  below. 

1.   Arrangement  of  the  sick  room.  —The  patient 
should  be   kept  in  one   or  two  rooms,  preferably 
at  the  top  of  the  house,  or  in  a  detached  wing, 
exclusively  set  apart  for  his  use.    A  fire  should  be 
kept  burning  for  the  sake  of  ventilation  and  destroy- 
ing waste  material,  even  when  not  required  for  heating 
purposes.    It  tends  to  secure  an  indraught  at  the 
door,  but  provision  must  be  made  for  the  constant 
entry  of  fresh  air  by  the  window  or  other  ventilator. 
The  "door  must  be  kept  shut.    A  sheet  is  often  hung 
outside  the  door,  and  is  useful  in  some  ways  ;  but 
little  is  gained  by  wetting  it  with  "  disinfectant " 
solutions,  since  any  infected  air  which  might  escape 
would  pass  under  or  round  it  rather  than  through 
it.    No  one  except  the  persons  in  actual  charge  of 
the  patient  should  be  allowed  to  enter  the  room. 
No  one  should  leave  the  room  without  washing  hands 
and  changing  outer  garments,  or  an  adjoining  room 
may  be  used  for  this  purpose.    No  food  should  be 
taken  out  of  the  sick  room,  nor  any  clothing  or  utensils, 
without  previous  disinfection.     Any  effluvia  in  the 
room  should  be  prevented  or  removed  by  free  ventila- 
tion ;  and,  if  necessary,  the  air  may  be  "  sweetened  " 
by  the  moderate  use  of  sanitas,  thymol,  chloride  of 
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lime,  or  other  deodorant,  in  the  form  of  spray ;  but 
deodorants  should  not  be  regarded  as  disinfectants,  and 
in  other  parts  of  the  house  they  serve  no  useful  purpose 
whatever. 

2.  Disinfection  during  the  illness. — A  plentiful 
supply  of  l-in-1,000  mercuric  chloride  solution  (or 
10  per  cent,  carbolic  solution)  should  be  provided. 
Disinfection  of  excreta  and  secretions  may  be  attempted 
by  adding  an  equal  bulk  of  the  solution,  vt^hich  may 
with  advantage  be  placed  in  the  vessel  before  receiving 
the  excreta.  Old  linen  should  be  used  in  place  of 
pocket-handkerchiefs,  and  after  use  thrown  into  the 
fire.  Linen,  etc.,  requiring  washing  should  be  placed 
in  a  lai-ge  vessel  filled  with  the  disinfectant  solution  ; 
such  articles  should  siibsequently  be  rinsed  in  water  be- 
fore washing,  to  remove  the  disinfectant.  All  utensils 
should  be  similarly  disinfected  befoi-e  leaving  the  room. 

3.  Final  disinfection  at  the  end  of  the  case. — (a)  All 
linen,  cotton,  and  silk  articles  which  can  be  removed 
should  be  boiled  for  ten  minutes,  but  exception  must 
be  made  in  respect  of  certain  dyed  fabrics  and  other 
special  articles ;  {h)  all  movable  textile  materials 
which  cannot  be  boiled — including  blankets  and  other 
woollen  materials,  beds,  pillows,  mattresses  (not,  of 
course,  spring  mattresses),  curtains,  hangings,  carpets, 
rugs,  etc.,  must  be  removed  and  disinfected  by  steam  ; 
(c)  the  remaining  articles  must  be  laid  as  open  as 
possible,  and  the  room  fumigated  by  s\ilphurous  acid, 
formaldehyde,  or  chlorine  ;  (d)  all  furnitui'e  and  other 
movable  articles  should  be  taken  out  into  the  open 
air,  and  brushed,  washed,  or  beaten  ;  (e)  the  walls, 
ceiling,  floor,  and  all  surfaces  must  be  cleansed, 
sprayed,  or  washed,  especial  attention  being  given  to 
crevices  and  corners.  It  is  an  additional  safeguard 
to  strip  off  the  paper,  and  to  limewash  the  ceiling  and 
walls. 

None  of  these  pi'ecautions  can  safely  be  omitted 
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when  a  patient  suffering  from  small-pox,  scarlet  fever, 
diphtheria,  typhus,  measles,  whooping-cough,  mumps, 
rcitheln,  or  varicella,  is  kept  in  a  household  that 
contains  susceptible  persons.  In  enteric  fever,  how- 
ever, the  infection  appears  to  be  limited  to  the  excre- 
tions, with  little  tendency  to  aerial  diffusion,  and  a 
less  rigid  isolation  may  suffice  if  strict  attention 
is  paid  to  the  disinfection  of  everything  that  has 
been  in  contact  with  the  patient,  especially  bedding, 
clothing,  and  other  articles  that  almost  inevitably 
become  infected. 

In  enteric  fever  and  cholera  the  evacuations 
should  be  regarded  as  capable  of  communicating  an 
infectious  quality  to  any  nightsoil  with  which  they 
are  mingled  in  privies,  drains,  or  cesspools  ;  and  after 
such  disinfection  of  them  as  is  practicable,  they 
should  be  disposed  of  without  delay  and  under  the 
safest  conditions  that  local  circumstances  permit. 
They  should  not  be  thrown  into  any  fixed  privy 
receptacle,  and  above  all,  they  must  never  be  cast 
where  they  can  run  or  soak  into  sources  of  drinking 
water. 

In  the  event  of  death  taking  place  from  an 
infectious  disease,  the  body  should  as  soon  as  possible 
be  placed  in  a  coffin  with  chlorinated  lime  or  other 
suitable  disinfectant,  and  should  be  buried  (or 
cremated)  with  no  longer  delay  than  is  necessary  to 
allow  the  fact  of  death  to  be  verified.  Holding  of 
"  wakes,"  large  funeral  assemblages,  and  exposure  of 
the  corpse  to  visitors,  are  especially  to  be  avoided,  as 
is  also  borrowing  of  mourning  dress  for  the  occasion 
of  the  funeral.  {See  also  L.G.B.  Memorandum,  1905.) 

Disinfection  should  always  be  carried  out  under 
the  direction  of  the  sanitary  staff  at  the  end  of  the  case, 
but  disinfectants  may  be  supplied  gratuitously  by  the 
S.A.  for  use  during  the  illness.  Clothing  and  all 
movable  articles  should  either  be  boiled  at  home,  or 
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removed  to  a  disinfecting  station  and  treated  by  steam 
or  hot  air ;  rooms,  and  articles  that  cannot  be  removed, 
should  be  disinfected  in  the  manner  described. 

When  the  patient  is  removed  to  hospital  the 
premises  may  be  disinfected  at  once,  but  the  occur- 
rence of  any  later  case  will,  of  course,  necessitate  a 
repetition  of  the  process. 

Home  cases  offer  more  difficulty.  The  final  dis- 
infection cannot  usefully  take  place  until  after  the 
end  of  the  infectious  stage,  as  determined  by  the 
written  certificate  of  the  medical  attendant  or  the 
judgment  of  the  M.O.H.  It  is  desirable,  in  order 
to  prevent  misunderstanding,  to  fix  a  minimum 
interval  between  onset  and  final  disinfection,  which 
in  scarlet  fever  should  not  be  less  than  six  weeks, 
and  to  explain  this  and  the  reasons  for  it  upon  the 
printed  notices  left  at  the  house. 

Sanitary  defects  must  be  remedied,  and  any  clue 
or  even  suspicion  as  to  milk  or  water  infection  must 
be  followed  up  at  once.  It  may  be  necessary  to  com- 
municate with  employers  or  other  persons,  if  there  is 
reason  to  anticipate  neglect  of  due  precautions  against 
conveying  infection. 

In  outbreaks  of  small-pox  it  is  necessary  to  pro- 
vide for  immediate  vaccination  or  revaccinatiou,  and 
to  urge  it  not  only  upon  the  inmates  of  the  infected 
house,  but  also  on  all  who  have  been  in  contact  with 
the  patient,  and  on  his  neighbours  and  fellow  workmen. 

Quai-antine. — If  the  patient  is  removed  to 
hospital  and  disinfection  properly  carried  out,  it  is 
only  necessary  to  keep  the  household  under  observa- 
tion for  the  maximum  period  of  incubation  of  the 
disease  in  question.  If  the  case  is  treated  at  home, 
the  household"  must  be  kept  under  a  certain  degree  of 
quarantine  until  the  last  case  has  ceased  to  be  infectious 
and  the  final  disinfection  has  been  completed. 

During  the  quarantine  period  no  children  from 
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the  house  should  be  allowed  to  attend  school,  but 
this  restriction  may  be  relaxed  if  the  case  is  one  of 
entei'ic  fever.  The  same  exclusion  should  be  insisted 
upon  as  regards  certain  occupations,  notably  milk 
traffic,  nursing,  washing,  and  businesses  involving  the 
liandling  of  food ;  and  this  is  especially  important 
when  the  work  in  question  is  carried  on  in  the 
house.  Tailoring  and  all  forms  of  seamstress's  home- 
work should  be  forbidden.  Strict  injunctions  should 
be  given  against  admitting  persons,  especially  children, 
into  the  infected  house,  but  there  is  no  power  to 
enforce  this  bye-law,  or  to  inflict  punishment  in  case 
of  default.  Exposure  of  infected  persons  or  articles 
in  any  public  place  is,  however,  dealt  with  under 
s.  126  of  the  Public  Health  Act,  1875,  and  s.  68  of 
the  London  Act,  1891.  As  regards  small-pox,  the 
quarantine  should  be  rigidly  enforced,  and  no  member 
of  an  infected  household  should  be  allowed  to  follow 
his  business  until  the  period  of  danger  is  over. 

In  some  towns  quarantine  stations  are  provided, 
and  are  usually  attached  to  the  isolation  hospitals. 
The  sick  person  having  been  removed  to  hospital,  free 
lodging  is  offered  to  the  rest  of  the  household  during 
the  quarantine  period,  and  meanwhile  the  house 
and  its  contents  are  thoroughly  disinfected.  This 
plan  has  been  adopted  in  many  towns  in  cases  of 
small-pox,  and  its  utility  is  obvious. 

In  all  these  matters,  and  especially  in  the  removal 
of  the  patient  to  hospital,  due  consideration  should 
be  given  to  the  opinion  and  advice  of  the  medical 
attendant  by  whom  the  case  has  been  notified. 

Cautionary  and  advisory  notices  may  be  left  at 
the  house,  explaining  in  simple  language  the  pre- 
cautions that  are  necessary,  and  the  penalties  attending 
neglect  of  them.  Such  leaflets  should  include  directions 
as  to  isolation  and  disinfection,  and  instruction  to 
report  immediately  any  further  cases.     It  is  con- 
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venient  also  to  leave  a  post-card  addressed  to  the 
M.O.H.,  to  be  signed  by  the  medical  attendant 
when  in  his  judgment  the  period  of  infection  is 
at  an  end,  and  final  disinfection  of  the  pi-emises  is 
needed. 

Quarantine,  in  the  original  sense,  is  not  ob- 
served in  this  country.  The  special  precautions 
directed  against  the  importation  of  infection  from 
abroad  are  those  set  forth  in  the  L.G.B.  Order  of 
September  9th,  1907,  summarized  below. 

Regulations  as  to  cholera,  yellow  fever,  and 

plague. — The  Customs  Officer,  who  is  the  first  to  board 
the  ship,  must  as  far  as  possible  ascertain  whether  it  is 
*'  infected  "  or  "  suspected,"  and  if  he  has  reason  to  believe 
that  it  is,  or  that  it  has  come  from  an  infected  port,  he  must 
obtain  from  the  master  (or  from  the  surjreon  if  there  be  one) 
a  written  statement  in  prescribed  form  declaring  the  occur- 
rence or  non-occurrence  of  cases  or  suspected  cases  during  the 
voyage.  If  he  finds  the  ship  to  be  infected  he  must  order 
the  master  to  anchor,  and  must  give  notice  to  the  S.A,  of 
the  port  at  which  the  ship  is  about  to  call. 

If  from  such  warning,  or  from  other  information,the  M.O.H. 
has  reason  to  believe  that  any  ship  within  the  jurisdiction  of 
his  S.A.  is  "infected"  or  "suspected,"  he  must  forthwith  visit 
and  examine  it ;  and  'may  do  so  if  it  comes  from  an  infected 
port.  If  he  finds  that  there  is  or  has  been  a  case  (of  one  of  the 
three  diseases  in  question)  on  board,  he  must  certify  accord- 
ingly to  the  master,  who  is  thereupon  bound  to  moor  in  the 
place  appointed.  The  M.O.H.  must  then  examine  every 
person  on  board,  none  being  allowed  to  leave  the  ship  until 
the  examination  is  made.  All  who  are  found  to  be  suffering 
from  such  disease  ai-e  to  be  removed  to  the  hospital  or  place 
provided  by  the  S.A,,  if  their  condition  admit  of  it,  and  must 
not  leave  such  place  until  the  M.O.H.  certifies  that  they 
are  free  from  the  disease.  If  they  cannot  be  removed,  the  ship 
remains  subject  to  the  control  of"  the  M.O.H,,  without  whose 
written  consent  the  infected  persons  cannot  leave  the  ship. 
Persons  certified  by  the  M,O.H.  to  be  suffering  from  an 
illness  which  he  suspects  may  prove  to  be  one  of  the  three, 
may  be  detained  either  on  the  ship  or  in  some  place  provided 
by  the  S.A.,  for  not  more  than  two  days,  in  order  that  it 
may  be  ascertained  whether  their  illness  is  or  is  not  of  the 
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kind  suspected.  No  person,  not  certified  as  above,  is  to  be 
permitted  to  land,  unless  be  satisfies  tbe  M.O.H.  as  to  bis 
name,  place  of  destination,  and  address  at  such  place  ;  and  tbe 
M.O.H.  must  give  such  names  and  addresses  to  tbe  clerk  of 
tbe  S.A.,  wbo  must  transmit  them  to  tbe  S.A.  of  tbe  dis- 
tricts in  question.  Tbe  M.O.H.  must  give  directions  and 
take  sucb  steps  as  may  appear  to  bim  to  be  necessary  for  pre- 
venting tbe  spread  of  infection,  and  tbe  master  of  tbe  sbip 
must  carry  out  such  directions  as  are  given  to  bim.  In  tbe 
event  of  a  case  ending  fatally  on  board,  tbe  master  must,  at 
tbe  direction  of  tbe  S.A.,  either  bury  tbe  body  at  sea,  pro- 
perly weighted,  or  deliver  it  to  the  S.A.  for  interment.  He 
must  disinfect,  and  it'  necessary  destroy,  tbe  clothing,  bedding, 
and  other  articles  of  personal  use  likely  to  retain  infection, 
which  have  been  used  by  infected  persons  ;  and  disinfect  the 
ship,  and  disinfect  or  destroy  all  articles  therein  probably 
infected,  according  to  tbe  directions  of  the  M.O.H.  If  be 
believes  the  sbip  to  be  infected,  or  to  come  from  an  infected 
port,  the  M.O.H.  may  order  tbe  bilge  water  and  water  ballast 
to  be  pumped  out  before  tbe  ship  enters  dock  ;  or  may  cause 
the  water-ballast  tanks  to  be  sealed,  if  emptying  them  would 
endanger  tbe  sbip.  He  may  order  all  casks  or  tanks  containing 
drinking  water  to  be  emptied  and  cleansed,  on  tbe  S.A. 
pi'oviding  a  proper  supply. 

Where  a  vessel  is  not  infected,  but  has  passengers  on  board 
wbo  are  in  a  filthy  or  otherwise  unwholesome  condition,  the 
M.O.H.  may  certify  to  the  master  that  in  his  opinion  it  is 
desirable,  with  a  view  to  checking  tbe  introduction  or  spread 
of  cholera,  yellow  fever,  or  plague,  that  no  persons  shoiild  be 
allowed  to  land  until  they  have  satisfied  him  as  to  their  names 
and  places  of  destination,  and  addresses  at  sucb  place.  There- 
upon tbe  same  measures  are  to  be  adopted  as  in  case  of  persons 
permitted  to  leave  an  infected  sbip. 

The  master  of  a  ship  "  infected "  with  plague  or  "  sus- 
pected "  of  it  shall,  under  the  direction  of  the  M.O.H.,  employ 
suitable  means  for  tbe  effectual  destruction  of  rats.  The  same 
applies  to  ships  coming  from  plague-infected  ports,  or  those 
upon  which  there  has  been  an  unusual  mortality  among  rats. 
In  ships  infected  "  by  yellow  fever,  or  "  suspected "  of  it, 
or  which  have  come  from  parts  infected  with  that  disease,  tbe 
master  shall  effectually  destroy  mosquitoes  and  their  larvfe 
to  the  satisfaction  of  tbe  M.O.H.,  who  shall  certify  the  action 
taken. 

The  master  of  an  "  infected "  or  "suspected"  sbip  must 
hoist  at  the  mast-bead  a  large  yellow  and  black  flag,  borne 
quarterly,  when  the  ship  is  within  three  miles  of  the  coast  of 
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England  and  Wales,  and  at  night,  at  a  height  of  not  lees  than 
20  feet  above  the  hull  of  the  ship,  a  signal  of  three  lights 
in  triangular  form,  six  feet  apart,  the  top  light  white  and  the 
two  lights  at  the  base  red  in  colour. 

The  expression  "  infected  ship  "  means  a  ship  which  at  the 
time  of  its  arrival  from  a  foreign  port  has  on  board  a  case  of 
cholera,  yellow  fever,  or  plague,  or  which  has  had  on  board  a 
case  of  cholera  or  plague  witiiin  a  period  of  seven  days,  or  of 
yellow  fever  within  a  period  of  eighteen  days,  prior  to  that 
time.  The  expression  "suspected  ship"  means  a  ship  which 
has  had  on  board  during  the  voyage,  or  during  the  stay  of  the 
ship  in  the  port  of  departure,  or  in  a  port  in  the  course  of  the 
voyage,  a  case  of  cholera,  yellow  fever,  or  plague,  but  which 
has  not  had  on  board  a  fresh  case  of  cholera  or  plague  within 
a  period  of  seven  days  or  of  yellow  fever  within  a  period  of 
eighteen  days  prior  to  the  time  of  its  arrival  from  a  foreign 
port. 

The  L.G.B.  Lave  from  time  to  time  issued  and 
revoked  Orders  of  a  similar  nature  to  the  above,  both 
for  ships  coming  foreign  and  for  outward  bound  and 
coasting  ships,  under  powers  conferred  on  the  Board 
by  the  Public  Health  Acts  1875,  1891,  1896,  and 
1904.  They  also  issue  to  M.O.H.  of  port  and 
riparian  S.A.  concerned,  periodical  statements  as  to 
the  occurrence  and  distribution  of  cholera. 
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DISINFECTION 

Disinfection  is  tlie  destruction  of  the  specific 
virus  upon  Avhich  infection  depends,  and  disinfectant 
is  equivalent  to  bactericide.  It  is,  however,  often 
loosely  applied  also  to  antiseptics,  that  is,  to  sub- 
stances that  arrest  or  impede  the  growth  of  microbes 
without  destroying  their  vitality,  and  even  to 
deodorants  or  reagents  that  destroy  or  mask  the 
effluvia  which  are  the  frequent  by-products  of 
bacterial  growth. 

It  is  probable  that  protracted  exposure  to  air  and 
direct  sunlight  (ultra-violet  rays  of  white  light)  will 
ultimately  destroy  most,  if  not  all,  pathogenic  microbes, 
although  under  favourable  conditions  the  virus  of  tuber- 
culosis and  other  transmissible  diseases  has  been  known 
to  retain  its  vitality  for  many  years.  It  would  seem 
also  that  mere  diffusion  in  the  atmosphere  may  render 
a  virus  inert.  Typhus  attacks  a  very  large  proportion 
of  those  who  come  into  close  contact  with  typhus 
patients,  but  rarely  spreads  under  other  conditions, 
even  if  the  isolation  is  imperfect.  Small-pox,  on  the 
other  hand,  is  believed  to  be  carried  by  air-currents 
for  long  distances  under  favourable  meteorological 
conditions.  Spores  of  pathogenic  bacilli  would  doubt- 
less be  among  the  most  resistant,  but  mechanical  port- 
ability (influenced  by  the  form  of  the  microbe  and 
the  size  and  weight  of  the  epithelial  scales  or  other 
particles  to  which  it  may  be  attached),  the  dryness  (or 
the  reverse)  of  the  air,  and  the  chemical  effect  of  the 
atmospheric  oxygen,  are  possible  factors,  and  it  is  at 
all  events  conceivable  that  a  certain  minimum  "  dose  " 
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of  the  virus  is  necessary  for  infection,  so  that  mere 
dilution  beyond  a  given  point  would  render  the  virus 
harmless,  even  without  destroying  its  vitality.  Accord- 
ing to  Koch,  mere  drying  (desiccation)  kills  the  cholera 
bacillus. 

The  complete  disappearance,  often  for  long  periods, 
of  measles  and  other  infectious  diseases  from  a  district 
after  a  widespread  epidemic  is  in  itself  a  sufficient 
proof  that  an  enormous  amount  of  contagium  does  in 
some  way  or  other  speedily  become  inert,  apart  from 
all  attempts  at  disinfection  and  the  exhaustion  of 
available  susceptible  material. 

Mechanical  removal  of  infection  from  rooms  or 
garments  is  often  an  important  adjunct  to  disinfection 
proper.  Walls  are  stripped  of  paper,  or  scraped,  or 
rubbed  with  dough  (Esmarch's  method),  or  washed  ; 
floors  are  washed  or  swept;  a  strong  current  of  air 
is  sent  through  the  room ;  garments  are  washed  or 
brushed,  or  beaten,  and  hving  out  in  the  open  air. 
As  a  rule,  such  measures,  though  effectual  as  far  as 
they  go,  are  in  themselves  incomplete  safeguards,  since 
some  portion  of  the  virus  may  escape  dislodgment,  and 
there  is  no  certainty  as  to  the  future  harmlessness 
of  the  rest. 

True  disinfection — that  is,  destruction  of  germs — 
may  be  efi"ected  by  heat  or  by  chemical  methods.  It 
should  be  added  that  it  has  been  abundantly  proved 
that  cold  (even  the  great  cold  of  liquid  air,  —  312°  F.) 
does  not  impair  the  vitality  of  organisms. 

Disinfection  toy  lieat  is  the  simplest  and  most 
thorough  of  all  methods.  With  articles  of  small  value, 
the  safest  plan  is  of  course  to  burn  them ;  but  when 
this  radical  remedy  is  inapplicable,  disinfection  may 
usually  be  effected  by  exposure  to  moist  or  dry  heat. 

The  experiments  of  Koch,  Parsons,  and  others, 
have  shown  that  bacteria,  and  even  spores  of  some 
bacilli,  are  destroyed  by  exposure  to  steam  at  a  tern- 
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perature  of  212°  F,  for  five  minutes,  or  to  hot  air  at  a 
temperature  of  220-240°  F.  Less  resistant  organ- 
isms, for  example  micrococci  or  bacilli  free  from 
spores,  are  destroyed  by  hot  air  at  220°  F.  iia  an  hour. 
Water  at  a  temperature  of  212°  F. — that  is,  boiling 
water — is  at  least  as  efficacious  as  steam. 

The  mode  of  experiment  was  to  steep  threads 
in  cultures  of  the  respective  organisms,  and  after 
exposing  them  to  known  temperatures  for  measured 
periods,  to  test  their  vitality  by  inoculation  or  further 
cultivation;  "control  experiments"  were,  of  course, 
made  in  each  instance,  to  prove  that  threads  treated 
in  exactly  the  same  way,  except  as  regards  exposure 
to  heat,  gave  positive  results  in  cultivation  or  inocu- 
lation. Anthrax  spores  and  anthrax  bacilli  serve 
admirably  as  test  objects,  since  they  are  them  selves 
pathogenic,  and  can  be  readily  cultivated  or  inoculated, 
with  characteristic  and  unmistakable  results.  Little 
is  known  with  certainty  as  to  the  specific  microbes 
of  the  ordinary  infectious  diseases  attacking  man, 
and  in  regard  to  them  inoculation  experiments  are 
inadmissible,  so  that  for  the  present  we  can  only 
place  reliance  upon  such  processes  as  are  found 
experimentally  to  destroy  the  most  resistant  of  other 
organisms,  namely,  the  spores  of  bacilli. 

In  practice  the  problem  of  disinfection  is  almost 
always  complicated  by  the  fact  that  the  virus  is  not 
exposed  freely,  but  protected  by  organic  matter  or 
enclosed  in  garments,  pillows,  or  even  beds  ;  that  is, 
in  more  or  less  bulky  articles  made  of  materials  that 
have  been  selected  for  use  as  being  the  worst  con- 
ductors of  heat.*    It  is  found  that  steam  rapidly 

*  Wool  and  silk  are  tlic  warmest  materials  used  for  clothing.  Not  only 
are  they  bad  conductors  of  heat,  but  tliey  absorb  a  considerable  amount  of 
moisture  without  becoming  damp.  The  watery  vapour  of  perspiration  is 
condensed,  and  its  latent  heat  rendered  sensible,  while  the  tenacity  with 
which  the  moisture  is  held  prevents  re-evaporation  and  chill.  Linen  and 
cotton  are  much  better  conductors  of  heat,  and  absorb  little  water. 
2i  I 
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penetrates  into  the  interior  of  such  objects.  The  first 
portions  condense,  parting  with  their  latent  heat  in  so 
doing,  and  create  a  partial  vacuum,  so  that  successive 
supplies  of  steam  follow  continuously  until  a  tempera- 
ture of  at  least  212°  F.  is  attained  at  the  centre. 
Dry  hot  air,  on  the  contrary,  being  dependent  upon 
conduction,  very  slightly  aided  by  convection,  has  no 
such  power,  and  it  is  practically  impossible  to  raise 
the  temperature  at  the  centre  of  a  bed  or  similar 
bulky  object  to  212°  F.  by  dry  heat  within  any 
reasonable  number  of  hours.  Hot  air  moistened  by 
steam  is  superior  to  dry  hot  air  in  penetration,  but 
not  in  germicidal  power,  and  is  far  inferior  to  steam 
in  both  respects.* 

Perspiration  readily  n.akesthem  dainr,  and  they  are  then  chilly  owing  to 
evaporation  introduced  here  respecting  the  microscopic  and 

chemiS  clwacters'of  these  materials.    Un<ler  tke^^^^^^ 

have  no  such  markings,  and  are  structureless  except  for  occasional  node>. 


Beagent. 

Wool. 

Silk. 

Cotton. 

Linen. 

Potash  or  soda  (hot  "i 
strong  solution)  .  j 

Sulphuric  acid       .  ^ 

Nitric    (or   picric)  [ 

Zinc  chloride  (hot  1 
strong  solution)  .  j 

Ammonium  cuprate~^ 
(solution  of  CuO  > 
iuNHs).    .    .  -J 

Dissolves. 

Nil. 

Turns 
yellow. 

Nil. 
Swells. 

Dissolves. 

Dissolves 
slowly. 
Turns 

yellow. 

Dissolves. 
Dissolves. 

Nil. 
Gelatinizes. 
Nil. 

Dissolves. 

Nil. 

Gelatinizes. 
Nil. 

Dissolves 
slowly. 

*U,Kleronlinan-tmc.^}.erK^^^^^^ 

^27r -iL'f  b^tfthftemiS"^^^^  -  w.ich  the  vapour  tens.on  of 
steam  is  equal  to  the  given  pressure 


ai)  wiiiuii         ■•■1   , 

s^e^m  is  equal  to  the^P-^.  i^:'^^'^:;^'^ 
the  boiling-ponit  at  <'o^«tant  Vressw^^ 

^^r^'^'t^^It:^'^^^^^^^  at  the  hoiling-point 
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Another  important  considei-ation  is  the  effect  upon 
the  colour  and  texture  of  fabrics  exposed  to  heat. 
Articles  composed  in  part  of  fusible  substances,  such 
as  glue  or  sealiog-wax,  are,  of  course,  ruined  by  heat 
in  any  form.   Steam  is  inadmissible  for  leather  objects, 
since  it  shrivels  them  up  and  renders  them  worthless ; 
hot  air  merely  makes  them  temporarily  dry  and  brittle. 
With  these  exceptions,  steam  is  less  injurious  than  hot 
air  in  almost  all  respects.    New  woollen  goods,  such  as 
blankets  and  flannels,  lose  some  of  their  whiteness  and 
fleeciness  by  either  process,  but  not  more  than  in  one 
or  two  ordinary  washings.    Silk  and  cotton  are  not 
injured  by  steam,  nor  by  hot  air  if  the  temperature 
is  carefully  regulated.    Dyes  are  s\irprisingiy  little 
affected  by  either  steam  or  hot  air. 

The  three  chief  essentials  in  a  steam  disinfector 
are  (1)  that  the  steam  under  pressure  shall  permeate 
the  article  to  be  disinfected,  (2)  that  the  temperature 
of  the  steam  shall  be  from  221-27U°  F.,  and  (3)  that 
after  the  steaming  of  the  article,  hot  dry  air  can  be 
passed  into  the  chamber  for  drying  purposes.  The 
chief  difficulty  in  steam  apparatus  is  to  prevent  loss 
of  heat,  and  condensation.  This  is  overcome  by  sur- 
rounding the  steam  chamber  with  a  ''steam-jacket," 
that  is,  by  making  the  wall  of  the  apparatus  double, 
and  admitting  steam  into  the  space  between  the  inner 
and  outer  casings.  A  door  is  provided  at  each  end, 
one  for  the  reception  of  infected  goods,  and  the  other 

?v''iypfbr°'^'"f  pi-essure.     Steam  thus  in  contact  with  water 

wliether  under  pressure  or  not,   is   "wet"  or  "  saturated and  if 

totater°aiii,,"%rf""'^       "i^  ^tlnc?  to' condense 

wnw  ft  Kof^        ■  'i  It  IS  furtlier  heated  out  of  contact  with 

aas  imt  1  sn^  rfh?'^    or    superheated/'  and  behaves  as  a  penuanen 
coLSing  iSnt  °'  P'""''""^  ^"''g«  it  to  the 

Steam  in  condensing  to  water,  shrinks  to  ^Vt7  of  its  bulk,  and 
gives  oflf  latent  lieat  sufficient  to  raise  its  temperature  300°  F    There  is 

^0  TwS  XTtZn'^A.''^"^^*-'""  °^  heat?ncSnverSof 
wofar  „-,!!f  •  ■  "'^",steam.  At  any  given  pressure  the  boiling-noint  of 
water  contanung  salts  in  solution  is  slightly  raised.  ^  ^ 
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for  removal  of  tlie  goods  after  disinfection.  The  doors 
are  steam-tight,  and  are  fastened  by  strong  screw- 
claraps.  The  articles  to  be  disinfected  are  placed  in 
trays,  or  suspended  from  sliding  racks. 

Washington  Lyoii's  apparatus  is  oval  in  section,  and  is  usu- 
ally worked  with  a  pressure  of  10-20  lb.  per  square  inch  in 
the  jacket  and  5-10  lb.  in  the  chamber,  so  that  the  steam  in  the 
latter  is  superheated,  a  further  precaution  against  condensation. 
The  articles  having  been  introduced,  and  the  doors  closed  and 
secured,  steam  is  first  sent  into  the  jacket  so  as  to  heat  the 
contents  of  the  chamber.  Steam  is  next  admitted  into  the 
chamber  itself,  and  soon  reaches  the  full  pressure  required.  It 
is  found  that  penetration  is  more  rapid  if  the  pressure  is  inter- 
mitted once  or  twice,  which  is  readily  effected  by  turning  a 
cock.  Ten  to  twenty  minutes  suffice  for  the  penetration  of 
even  bulky  objects,  and  at  the  end  of  that  time  the  steam  is 
allowed  to  escape  from  the  chamber,  the  door  is  opwied,  and 
the  articles  are  removed.  Further  drying  may  be  effected  if 
necessary  by  leaving  the  door  ajar  for  a  few  minutes,  and 
exposing  the  articles  to  heat  from  the  jacket. 

In  Godclard,  Massey,  and  Warner's  apparatus  the  lower 
part  of  the  jacket  serves  as  the  boiler,  and  the  pressure  m  the 
chamber  is  the  same  as  that  in  the  jacket,  usually  about  20  lb., 
so  that  the  steam  is  not  superheated.  After  the  articles  are  put 
in  and  the  door  closed,  hot  air  is  drawn  through  for  two  or 
three  minutes,  and  this  is  repeated  after  the  ten  or  twenty 
minutes'  exposure  to  steam.  .  ^    c  n  ^^a 

The  JSquifex  disinfcctor,  upon  the  model  of  Geneste  and 
Herscher,  largely  used  on  the  Continent,  has  no  steam  jacket,  but 
is  lagged,  and  hot-steam  pipes  within  the  chamber  serve  to 
lessen  condensation  and  dry  the  disinfected  articles.  The  usual 
pressure  is  about  10  lb.,  and  the  steam  is  not  superheated. 

Low-pressure  steam-that  is,  steam  under  pressure  only 
slightly,  if  at  all,  exceeding  the  atmospheric  Pye^^^^e-jvas 
foifnd  by  Koch  to  be  not  inferior  in  germicidal  power  to 
team  at  higher  pressure.   In  Van  OrerMc  de  Meyer's  opparatn  , 
in  which  the  steam,  generated  at  atmospheric  V^^^-^^J^ 
a  jacket-boiler  surrounding  the  chamber,  parsed  ^n  through 
an  opening  at  the  top,  the  temperature  did       exceed    1-  ^ 
but  the  results  were  practically  as  8«od  as  those  a  ^^^^^^^ 
with  hio-h  nressure.    In  Threshh  current  steam  dismjicioi  a 
romewSJh'ighei  temperature  is  obtained  -^^^^f.  ^X^JSke^^ 
the  use  of  a  slline  solution  in  P/f      P^l^ri  di  net^^ 
boiler.  Eeck's  is  still  simpler,  the  jacket  being  dispensed  wiin. 
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All  of  these  fulfil  the  essential  conditions — namely, 
rapidity  of  penetration,  destruction  of  all  organic  life 
in  the  interior  of  bundles  of  moderate  bulk  without 
injury  to  fabrics,  and  lastly,  convenience  in  working. 
High  pressure,  intermitted,  has  perhaps  some  ad- 
vantage in  rapidity  of  disinfection  of  exceptionally 
bulky  articles  ;  but  for  ordinary  purposes  the  simpler 
and  less  costly  low-pressure  apparatus  is  almost  equally 
good.  Esmarch  has  cast  doubt  upon  the  germicidal 
efficiency  of  superheated  steam. 

Hot=air  disinfection  apparatus  labours  under  a 
threefold  disadvantage  as  compared  v\^ith  steam. 
The  available  temperature  and  duration  of  exposure 
are  limited  by  the  tendency  to  scorch  the  articles  ex- 
posed ;  the  penetration  of  heat  is  so  slow  that  it  is 
practically  impossible  thoroughly  to  disinfect  objects 
of  moderate  thickness,  such  as  pillows ;  and  lastly, 
the  germicidal  effect  of  a  given  temperature  is  far 
less  with  hot  air  than  with  steam.  The  only  advan- 
tage that  can  be  claimed  for  hot  air  is  that  leather 
and  bound  books  are  not  spoiled  by  it  as  they  are 
by  steam. 

The  best  apparatus  of  this  kind  is  Hansom'' s,  devised  many 
years  ago.    It  consists  of  a  rectangular  chamber  of  wood 
and  iron,  lined  with  non-conducting  material.    Hot  air  mixed 
with  the  products  of  combustion  passes  into  the  chamber  after 
being  heated  by  a  number  of  gas  jets ;  the  temperature  of  the 
hot  blast  is  kept  constant  by  an  automatic  mercurial  regulator, 
which  controls  the  gas  supply  aud  can  be  set  for  any  required 
temperature.    An  outlet  with  a  chimney  is  provided  at  the  top 
of  the  chamber.     The  b6st  working  temperature  is  about 
255°  F.,  this  being  the  highest  that  can  be  used  for  lono- 
periods  without  danger  of  singeing  cotton  goods.  Thermometer's 
are  placed  at  the  inlet  and  outlet.    If  the  contents  of  the  stove 
should  take  fire,  owing  to  overheating  or  to  lucifer  matches 
being  left  m  the  pockets,  the  gas  is  automatically  turned  off  and 
the  entrance  of  air  arrested,  by  the  falling  of  a  weighted  lever 
which,  until  such  accident  occurs,  is  held  suspended  by  a  chain 
attached  to  a  fusible  metal  bar  in  the  interior  of  the  chamber. 
It  18  customary  to  expose  articles  to  hot  air  at  about  255<='  f' 
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for  two,  foux',  or  eight  hours  or  more,  according  to  their  bulk, 
but  for  reasons  abeady  stated  the  penetration  of  heat  is  very 
limited. 

The  following  figures,  which  give  the  mean  values 
obtained  in  a  series  of  120  experiments,  serve  to  show 
how  slowly  the  temperature  rises  in  the  interior 
of  woollen  objects  exposed  to  hot  air.  Registering 
maximum  thermometers  were  placed  beneath  layers 
of  blanket.  The  inlet  temperature  was  about  255"  F. 
throughout  the  series,  and  the  final  outlet  temperature 
245—250°  F.  :— 


Duration  of 
exposure. 

2 

layers. 

4 

layers. 

6 

layers. 

12 
layers. 

18 
layers. 

4  hours 

6    „    .       .  . 
8    „    .       .  . 

220^  F. 
226°  „ 
230°  „ 

206°  F. 
214^  „ 
221°  „ 

190°  F. 
208°  ,, 
215°  „ 

162°  F. 
174°  „ 
196°  „ 

139°  F. 
153°  „ 
182°  „ 

In  striking  contrast  to  the  above  were  the  results 
of  another  series  of  experiments  with  steam  appara- 
tus, the  same  blankets  being  employed.  An  electric 
thermometer,  ringing  at  212°  F.,  was  placed  beneath 
sixteen  or  more  layers  of  blanket,  and  served  to  in- 
dicate the  exact  interval  between  the  first  exposure  to 
steam  and  reaching  212°  F.  Difi"erent  forms  of  steam 
apparatus  were  tested,  with  low  pressure  as  well  as 
hi<^h,  and  the  maximum  interval  noted  was  17  minutes. 

It  is  essential  that  any  apparatus  for  disinfection 
by  heat  should  have  doors  at  opposite  ends,  opening 
into  entirely  separate  rooms  provided  with  separate 
entrances.  One  of  these  rooms  should  be  strictly  re- 
served for  infected  and  the  other  for  disinfected  goods, 
and  no  articles  should  on  any  account  be  allowed 
to  enter  the  latter  room  except  through  the  stove, 
the  object  being  of  course  to  guard  against  the  danger 
of  reinfection  of  the  purified  articles. 


xvi] 


DISINFECTANTS 


535 


Clieiiiical  disinfection  has  been  shown  by  the 
accurate  experiments  of  Koch  and  others  to  be  a  matter 
of  considerable  difficulty,  and  comparatively  few  of 
the  so-called  disinfectants  in  common  use  prove  to  be 
really  germicidal  under  the  conditions  of  actual 
practice.  A  convenient  but  severe  test  is  to  expose 
to  the  "  disinfectant,"  for  a  definite  period,  threads 
which  have  been  soaked  in  a  cultivation  containing 
anthrax  spores  and  then  dried.  After  the  "  disin- 
fection," cultivation  or  inoculation  experiments  show 
whether  the  spores  survive  or  not,  control  experiments 
being  made  at  the  same  time.  Among  the  very  few 
substances  which  killed  the  spores  within  a  day  (and  for 
practical  disinfection  this  is  far  more  than  can  often  be 
allowed)  were  mercuric  chloride  (I  per  cent.),  carbolic 
acid  and  potassium  permanganate  (5  per  cent.),  and 
chlorine  and  bromine  water  (2  per  cent.).  A  4  per 
cent,  solution  of  carbolic  acid  took  three  days,  and  1 
per  cent,  permanganate  had  no  effect  in  two  days. 
Among  those  which  failed  were  5  per  cent,  solu- 
tions of  chloride  of  lime,  zinc  salts,  copper  sulphate, 
ferrous  sulphate,  boric  acid,  and  sulphurous  acid,  and 
5  per  cent,  carbolic  oil.  Several  of  these,  however,  are 
able  to  kill  less  resistant  forms,  such  as  B.  typhosus 
and  sporeless  anthrax  bacilli ;  or,  serving  as  anti-' 
sept.ics,  to  prevent  multiplication. 

A  substance,  to  be  a  satisfactory  disinfectant,  should 
possess  five  characters  :  {a)  it  should  be  germicidal 
within  a  reasonable  time  limit ;  (6)  it  should  not 
possess  chemical  properties  which  unfit  it  for  ordinary 
use  ;  (c)  it  should  be  soluble  in  water,  or  capable  of 
giving  rise  to  soluble  products  in  contact  with  the 
material  to  be  disinfected  ;  {d)  it  should  not  pro- 
duce injurious  effects  on  the  human  tissues;  and 
(e)  it  should  not  be  too  costly  in  proportion  to  its 
germicidal  value.  The  substances  which  fulfil  all 
these  requirements  are  not  numerous.    Many  value- 
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less  experiments  have  been  made  respecting  such 
chemical  bodies,  because  the  conditions  necessary  to 
valid  and  comparable  results  have  been  ignored. 
These  conditions  are  chiefly  three,  namely,  using  dis- 
infectants which  give  regular  and  consistent  results, 
using  standardized  bacterial  cultures  as  to  age  and 
source,  and  working  with  the  same  organism.  Out 
of  the  confusion  of  contradictory  findings  it  is  possible, 
however,  to  name  a  number  of  reliable  disinfectants. 
The  liquid  reagents  most  in  use  are  mercuric  chloride 
(1-500  for  excreta,  and  1-1,000  for  hands),  mercuric 
iodide  (1-1,000  for  stools  and  linen,  and  1-2,000 
for  hands),  potassium  permanganate  (5  per  cent.), 
formalin  (40  per  cent,  solution  10  per  cent,  mixed 
in  equal  volume  for  stools),  carbolic  acid  (5  percent.), 
zinc  chloride  (1-10),  chloride  of  lime  (1  to  2  per 
cent,  for  hand-washing,  etc. ;  4  per  cent  — i.e..  6  oz. 
to  1  gallon — for  solid  and  liquid  excreta),  creosol, 
cyllin,  lysol,  creolin,  and  many  compounds  of  the 
aromatic  series  (e.g.  izal  and  Jeyes'  fluid,  which 
contain  the  higher  phenols,  and  form  emulsions  with 
water). 

A  most  important  consideration  in  regard  to  the  more 
potent  reagenls  forming  the  first  series  is  their  "working 
strength."  If,  for  example,  it  is  proposed  to  disinfect  a 
putrescent  liquid  by  means  of  permanganate  of  potash,  it  is 
absolutely  useless  to  add  a  little  of  a  5  per  cent,  solution  of  the 
salt.  We  must  add  either  the  solid  permanganate  or  a  highly 
concentrated  solution,  until  the  permanganate  is  present  &s 
such  to  the  extent  of  5  per  cent,  of  the  whole  weight  of  liquid, 
this  5  per  cent,  being  of  oeurse  in  addition  to  the  amount 
required  to  oxidize  the  organic  matter.  These  essential 
conditions  are  rarely  if  ever  observed  in  practice,  and  disin- 
fection "  by  permanganate  consists  really  of  deodorization 
with  partial  oxidation  of  organic  matter.  A  similar  considera- 
tion applies  to  mercuric  chloride,  which,  if  added  to  liquids 
containing  organic  matter,  forms  a  precipitate  that  carries 
down  part  of  the  mercury  in  an  inert  form,  and  if  sulphuretted 
hydrogen  is  present,  the  equally  inert  sulphide  of  mercury  is 
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thi-own  down.  So,  too,  with,  carbolic  acid,  which  must  form 
not  less  than  5  per  cent,  of  the  whole  weight  of  liquid — not 
merely  of  the  stock  solution— if  it  is  to  destroy  anthrax 
spores. 

Mercuric  chloride  is  one  of  the  chief  reagents  that 
can  be  conveniently  employed  in  solution  under  such 
conditions  as  to  destroy  the  most  resistant  microbes. 
One  part  of  mercuric  chloride  in  1,000  of  water 
destroys  anthrax  spores,  according   to    Koch,  but 
other  observers  have  found  this  strength  inadequate. 
The  great  drawback  to  this  reagent  is  its  extremely 
poisonous  nature,   but  it    may  be  kept   in  fluted 
poison  bottles  properly  labelled,  and  the  solution  may 
be  artificially  coloured  with  indigo,  and  "odorized" 
with  thymol,  as  further  safeguards.     The  following 
proportions  are  suggested  in  a  memorandum  of  the 
Xi.G.B.  (1905):  i  oz.  mercuric  chloride,  1  oz.  hydro- 
chloric acid,  and  5  grains  of  commercial  aniline  blue, 
in  3  gallons  of  water.    This  ought  not  to  cost  more 
than  one  penny  per  gallon  and  should  not  be  further 
diluted.    Non-metallic  vessels  (wooden  or  earthen- 
ware) should   be    used.     Articles   soaked   in  the 
mercurial  solution  should  be  steeped  in  water  for 
some  hours  before  washing.    Whether  the  contagia 
of  human  diseases  are  amenable  to  less  potent  reagents 
is  still  an  open  question,  but  for  the  present  it  is  not 
safe  to  assume  this. 

Many  fluid  disinfectants  are  now  applied  direct  to 
infected  surfaces  by  means  of  a  sprayer  (Equifex 
Mackenzie,  etc.),  such  as  chloride  of  lime  (1  lb  to  10 
gallons  of  water),  carbolic  acid  (5  per  cent.),  formalin 
(40  per  cent,  solution,  4  oz.  to  the  gallon). 

By  way  of  summary,  therefore,  it  may  be  said 
that  the  essential  factors  of  efficient  chemical  dis- 
infection are  {a)  the  use  of  a  germicide  having  specific 
destructive  powers,  (b)  which  is  soluble  or  in  the 
case  of  coal-tar  derivatives  forms  an  emulsion  with 
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water,  and  (c)  which  is  used  in  the  appropriate 
proportion  and  strength.  In  addition,  it  is  necessary 
that  sufficient  time  shall  be  allowed  for  the  dis- 
infectant to  act,  at  a  favourable  temperature,  and 
in  direct  contact  with  the  germs  to  be  killed. 

Ftimig^atioii. — For  the  disinfection  of  rooms  and 
other  closed  spaces  the  principal  reagents  in  use  are 
sulphurous  acid,  chlorine,  bromine,  nitrous  acid,  and 
formic  aldehyde.  Sulphurous  acid  is  usually  gener- 
ated by  setting  fire  to  fragments  of  roll  sulphur  in  an 
iron  vessel,  with  the  addition  of  a  little  spirit  to 
facilitate  lighting.  Sulphur  candles  are  convenient 
substitutes,  or  bisulphide  of  carbon  may  be  burnt 
in  a  lamp.  The  prescribed  proportions  are  1  to  3 
lb.  of  sulphur  to  every  1,000  cubic  feet  of  air  space, 
yielding  theoretically  I'l  to  3-3  per  cent,  of  sulphur- 
ous acid  in  the  air  of  the  room. 

Chlorine  is  most  conveniently  produced  by  adding 
crude  hydrochloric  acid  to  chloride  of  lime.  The 
strength  of  the  latter  varies,  but  as  a  rule  1|  to  2 
pints  of  the  acid  should  be  allowed  for  each  pound  of 
chloride  of  lime.  No  heat  is  required ;  indeed  the 
reaction  is  so  rapid  that  it  is  necessary  to  secure  time 
for  the  operator  to  escape,  by  letting  the  acid  drip 
through  a  small  hole  upon  a  little  cup  which,  when 
full,  overflows  into  the  dish  containing  the  lime.  The 
quantities  required,  according  to  German  ex]>eriments, 
are  very  large — about  15  lb.  of  chloride  of  lime 
and  22  lb,  of  hydrochloric  acid  *  for  every  1,000  cubic 
feet.  These  quantities,  being  somewhat  prohibitive, 
are  commonly  reduced  to  one-tenth  or  less  in  practice. 
Th^  reagents  should  be  divided  into  a  convenient 
number  of  portions  and  placed  in  several  parts  of  the 
room  in  positions  as  near  the  ceiling  as  may  be 
practicable. 

*  strong  sulphuric  acid  may  be  substitute  I  for  crude  hydrochloric 
acid.    About  a  third  of  the  quautity  would  sufhse. 
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Nitrous  fumes  are  generated  hy  adding  copper 
filings  or  other  reducing  agents  to  nitric  acid. 

In  any  case  the  room  must  be  rendered  as  nearly 
air-tight  as  possible  before  fumigation.  Paper  should 
be  pasted  over  the  fireplaces  and  ventilators,  and 
around  the  window-sashes  and  doors,  leaving,  of 
course,  one  door  to  be  pasted  up  on  the  outside 
after  the  operator  quits  the  room.  It  is  desirable 
to  render  the  air  of  the  room  moist  by  means  of 
steam  or  water  before  fumigating  by  sulphurous  acid 
or  chlorine,  to  an  extent  sufficient  to  moisten  the 
walls  and  other  surfaces. 

In  ordinaiy  rooms  it  appears  that  the  unavoid- 
able leakage  is  considerable,  so  that  the  theoretical 
proportion  of  the  gas  is  only  present  for  a  very  short 
time,  if  at  all.  The  slightest  protection  shields  even 
sensitive  microbes  from  the  action  of  the  fumigant ; 
very  few  are  killed  which  lie  in  crevices,  or  in  the 
pocket  of  a  coat,  or  are  wrapped  in  filter  paper. 
Koch's  experiments  in  an  almost  air-tight  box 
showed  that  sulphurous  acid,  in  the  proportion  of 
1  per  cent,  of  the  cubic  space,  killed  anthrax 
bacilli  and  other  sensitive  organisms  in  half  an  hour, 
but  that  anthrax  spores  and  other  spores  of  bacilli, 
resisted  6  per  cent,  for  days.  The  addition  of 
moisture  greatly  accelerated  the  action  upon  bacilli, 
and  so  far  increased  the  efiect  upon  spores  of  bacilli 
that  some  of  them  were  killed  by  exposure  to  5  per 
cent,  sulphurous  acid  for  twenty-four  hours. 

Formic  aldehyde  vapour  can  be  obtained  by  various 
devices  in  the  way  of  lamps  (paraform  lamp  burning 
60  tabloids  per  1,000  cubic  feet,  exposure  5-10  hours); 
more  eflfectively  by  Trillat's  autoclave,  a  somewhat 
costly  apparatus,  in  which  its  40  per  cent,  aqueous 
solution,  known  as  formalin,  is  treated  at  high 
pressure  in  presence  of  calcium  chloride,  the  gas  being 
passed  through  the  keyhole  by  means  of  a  tube ;  or  by 
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Lingner's  apparatus,  in  which  glyco-formal  (formalin 
30  per  cent,  and  glycerine  10  per  cent.)  is  vaporized 
and  ejected  as  a  fine  spray.  If  the  formalin  is 
simply  heated,  much  of  the  aldehyde  changes  into 
a  solid  polymeride  'paraform.  The  amount  of  formalin 
required  for  each  thousand  cubic  feet  of  air-space  in 
a  room  is  about  a  pint  (20  oz.).  The  vapour,  in  the 
proportion  of  1  per  cent,  in  air,  or  solution  of  0*5  per 
cent,  strength,  is  found  to  destroy  most  organisms. 
For  purposes  of  fumigation  formic  aldehyde  has  advan- 
tages over  sulphurous  acid  and  chlorine,  in  its  lower 
density,  which  gives  it  greater  diffusibility  and  some 
power  of  penetration,  and  in  its  more  rapid  action, 
(3—5  hours).  It  acts  best  if  the  air  is  dry,  and  it  is 
harmless  to  most  colours  and  most  surfaces  except 
iron.  The  vapour  is  irritating,  but  readily  cleared 
away  by  ventilation. 

Klein,  Houston,  and  Gordon,  in  1902,  found  that 
formic  aldehyde  gas  (30  tabloids  of  0-034  oz.  each  to 
1,000  cubic  feet  space)  killed  the  cholera  and  typhoid 
bacilli,  and  the  diphtheria  bacillus,  as  well  as  Staphy- 
lococcus pyogenes  aureus,  in  5  hours,  and  devitalized 
tubercular  sputum  unprotected  and  freely  exposed 
on  linen  and  paper.  The  same  may  be  said  of  sul- 
phurous acid  gas  (3  lb.  to  1,000  cubic  feet)  in  24 
hours,  except  that  the  sputum  remained  unaffected. 
Anthrax  spores  were  not  killed  uniformly  under  any 
of  these  conditions. 

It  would  '  seem,  therefore,  that  if  precautions  are 
taken  to  reduce  the  leakage  to  a  minimum,  fumigation 
by  sulphurous  acid,  chlorine,  or  formic  aldehyde, 
may  be  able  to  destroy  most,  if  not  all,  of  those 
microbes  that  are  not  very  resistant,  and  that 
happen  to  be  freely  exposed  upon  the  surface. 

Fumigation  is  to  be  regarded  as — at  most— a 
disinfection  of  air  and  of  surface.  Even  this  is 
an  important  step  in  the  direction  of  safety,  for  the 


xvi] 


FUMIGATION 


541 


surface  is  precisely  that  portion  of  an  infected  article 
which  is  most  readily  and  most  largely  charged 
with  infective  matter,  and  from  which,  moreover,  in- 
fection is  most  readily  given  off  to  persons  handling 
or  coming  into  contact  with  the  fomites.  As  a  pre- 
liminary process  it  affords  some  degree  of  security  to 
those  engaged  in  carrying  out  later  and  more  thorough 
measures  of  disinfection.  It  can  be  supplemented, 
as  regards  surfaces,  by  washing  with  soap  and  water, 
or  with  a  disinfectant  solution ;  wall-papers  can  be 
stripped  off,  or  lime-wash  renewed. 

Disinfection  of  the  air  of  a  room  is  practically 
ensured  by  the  free  ventilation  which  in  any  case 
must  be  subsequently  effected ;  but  if  infected  sur- 
faces or  articles  are  allowed  to  remain  undealt  with, 
the  air  may  at  any  time  again  become  charged  with 
infective  matter  accidentally  dislodged  from  its 
resting-place ;  therefore,  in  addition  to  fumigation  it 
is  necessary  thoroughly  to  wash  with  disinfectant  (e.g. 
1-1,000  corrosive  sublimate). 

Besides  the  germicidal  power  of  the  reagent  there 
are  three  other  conditions  essential  to  disinfection — 
namely,  sufficient  strength  or  intensity,  maintained 
for  a  sufficient  time,  with  sufficient  contact  or 
exposure. 

In  few  departments  of  hygiene  have  absurd  generalizations 
been  so  prevalent  as  in  reference  to  disinfection.  "Disin- 
fectants," or  substances  labelled  as  such,  are  still  widely 
employed  under  conditions  which  a  moment's  reflection  would 
show  to  be  utterly  incompatible  with  any  real  efficacy. 
Passing  over  such  trivialities  as  "fumigation"  by  burning 
brown  paper  or  green  sticks,  we  have  the  wholesale  employ- 
ment of  deodorants  and  antiseptics  under  the  name  of 
disinfection,  unsupported  by  any  scientific  evidence  of  their 
utility.  The  few  true  disinfectants  in  general  use  are 
commonly  employed  under  such  conditions  as  to  quantity, 
concentration,  and  duration  of  exposure,  that  little  benefit  can 
result  from  them.  Earth  is  popularly  believed  to  be  a  uni- 
versal disinfectant,  and  yet  earth  abounds  in  microbes,  some 
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of  which  are  pathogenic.  Indeed,  the  very  nitrification  upon 
which  the  purifying  action  of  earth  is  so  largely  dependent 
is  in  great  part  due  to  the  life  and  growth  of  microbes.  It  is 
often  asserted  that  the  danger  of  infection  by  diseased  meat  is 
exaggerated,  because  the  process  of  cooking  must  destroy  any 
microbes  that  may  be  present.  Even  as  regards  microbes,  the 
temperature  in  the  interior  of  joints  obviously  may  fall  far 
short  of  that  required  for  disinfection,  and  the  ptomaines  and 
unorganized  ferments  (toxins)  are  in  all  probability  uninjured 
by  ordinary  cooking.  The  gastric  juice  also  is  credited  with 
a  disinfecting  power  much  greater  than  the  e-sidence  waiTants. 
The  "  comma  "  bacillus  and  many  others  are  destroyed  by  it, 
but  spores  may  escape.  Sarcinse  and  other  microbes  may  be 
found  in  abundance  in  the  stomach  itself,  fully  exposed  to  the 
alleged  germicidal  gastric  juice  ;  and  in  the  intestine  millions 
of  microbes  are  always  present.  Moreover,  it  is  now  estab- 
lished beyond  dispute  that  tuberculosi3  and  other  diseases  are 
communicable  to  animals  by  means  of  the  alimentary  canal. 

Attempts  are  often  made  to  "  disinfect "  sewers  and  drains 
by  flushing  them  with  solutions  of  chloride  of  Ume,  carbolic 
acid,  or  ferrous  sulphate.  A  little  consideration  will  render  it 
clear  that  any  real  disinfection  of  this  kind  is  wholly 
impracticable,  even  if  true  disinfectants  such  as  strong 
solutions  of  mercuric  chloride  are  used.  The  reagent  is 
quickly  diluted  by  the  contents  of  the  drain,  and  rapidly 
passes  away  without  coming  even  momentarily  into  effectual 
contact  with  the  whole  of  the  material  and  surfaces  it  is 
supposed  to  disinfect.  If  the  drain  or  sewer  is  properly 
constructed,  thorough  flushing  by  water  will  be  more  effectual 
than- the  use  of  disinfectants. 

Staiidai'dizatioii  of  clisiiifectaiits. — Koch 
and  other  bacteriologists  made  early  attempts  to 
standardize  the  disinfectant  power  of  the  chemical 
substances  with  which  they  experimented.  Com- 
plete and  exact  standardization  is,  of  course,,  impos- 
sible owing  to  the  variability  of  the  protoplasm  and 
resistant  powers  of  different  micro-oi-ganisms  and  even 
different  strains  of  the  same  species.  Two  tests  have 
been  recognised  for  standardizing  disinfectants,  the 
Rideal- Walker  and  the  Martin-Chick,  {a)  The  Rideal- 
Walker  test,  which  is  the  most  worked  out  up  to  the 
present,  is  as  follows:    To  5  c.c.  of  a  particular 
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dilution  of  the  given  disinfectant  in  sterilized  water 
are  added  5  drops  of  a  24-hours'  blood-heat  incubated 
culture  of  the  organism  in  broth.  Mix  thoroughly, 
and  then  subculture  every  2|  minutes  up  to  15 
minutes,  and  incubate  for  48  hours  at  37°  C.  The 
germicidal  potency  of  the  given  disinfectant  is 
expressed  in  multiples  of  a  solution  of  pure  phenol 
performing  the  same  work  in  the  same  time,  with  a 
24-hours'  culture  in  broth  of  the  typhoid  bacillus,  and 
this  constitutes  the  "  carbolic-acid  coefficient."  (6) 
In  the  Martin-Chick  test  an  emulsion  is  made  con- 
taining 3  per  cent,  of  human  fiBces,  dried  at  216°F. 
and  subsequently  sterilized,  to  which  the  test  or- 
ganism is  added.  To  this  is  added  the  disinfectant 
to  be  standardized,  allowing  an  interval  of  15  minutes, 
and  subculturing.  The  coefficients  obtained  are 
much  less  than  in  test  (a). 

Antiseptics  are  reagents  which  prevent,  arrest,  or 
impede  the  growth  and  multiplication  of  microbes, 
without  necessarily  destroying  them.  All  true  chemical 
disinfectants  are  still  antisej)tic  when  diluted,  provided 
that  the  dilution  is  not  carried  too  far  (mercuric 
chloride  has  some  trace  of  antiseptic  power  even  at 
the  enormous  dilution  of  1  in  300,000).  Among 
other  important  antiseptics  are  boric  acid,  borax, 
sulphurous  acid;  essential  oils,  including  those  of 
mustard,  thyme,  turpentine,  peppermint,  cloves,  and 
eucalyptus  ;  quinine  and  other  alkaloids. 

Antiseptics  are  employed  mainly  to  prevent  or 
arrest  decomposition  of  organic  substances.  Apart 
from  surgical  purposes,  they  are  used  for  the  preser- 
vation of  food,  to  prevent  or  restrain  decomposition 
in  0]'ganic  refuse,  as  a  precaution  against  rotting  of 
timber,  aiid  in  many  other  ways. 

Deodorants  serve  to  remove  or  mask  effluvia. 
Among  aerial  deodorants,  nitrous  acid  is  one  of  the 
most  powerful.     Chlorine  and  the  fumes  given  oft 
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by  moist  chloride  of  lime  are  also  potent,  and  act 
by  oxidation  of  organic  matter;  they  decompose 
sulphuretted  hydrogen,  which  is  an  important  con- 
stituent of  the  gases  of  putrefaction.  Hydrochloric 
acid  fumes,  like  chlorine,  neutralize  the  free  ammonia 
and  ammonium  carbonate.  Sulphurous  acid  may,  per- 
haps, act  in  some  degree  as  a  reducing  agent,  and  also 
as  an  antiseptic,  but  its  chief  effect  is  to  overpower 
the  effluvia  and  necessitate  free  ventilation.  Fumes 
of  wood,  tar,  or  paper  are  quite  useless  except  for  the 
same  reason. 

Of  the  solid  or  liquid  deodorants,  ferrous  sulphate 
and  cupric  sulphate  act  mainly  by  removing  the  sulphu- 
retted hydrogen  as  a  precipitate ;  potassium  permanga- 
nate simply  oxidizes  ;  carbolic  acid  and  the  essential  oils 
exert  an  antiseptic  effect  and  so  check  further  decompo- 
sition, while  at  the  same  time  their  powerful  odour 
masks  all  others.  The  ozone  or  peroxide  of  hydrogen 
which  is  believed  to  be  associated  with  the  essential 
oils  may  effect  some  small  amount  of  oxidation. 
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MEDICAL    OFFICERS    OF    HEALTH  AND 
SANITARY  INSPECTORS 

Every  Sanitary  Authority  is  required  (Public  Healtli 
Act,^  1875,  sees.  189,  190)  to  appoint  one  or  more 
medical  officers  of  health  and  an  inspector  of  nuis- 
ances. Two  or  more  S.A..  may  appoint  the  same 
M.O.H.  (under  s.  191);  and,  apart  from  this,  the 
L.G.B.  is  empowered  (s.  286)  compulsorily  to  unite 
districts  for  the  purpose  of  appointing  a  M.O.H. 
County  Councils  are  required,  by  s.  68  (1)  of  the 
Housing  and  Town  Planning  Act,  1909,  to  appoint 
(county)  medical  officers  of  health,  who  are  forbidden 
to  hold  other  appointments  or  engage  in  private 
practice  without  the  written  consent  of  the  L.G-.B. 
The  county  medical  officer  may  however  hold  the 
office  of  S.M.O.  for  his  area.  If  any  part  of  the 
salary  of  the  M.O.H.  of  a  local  authority  is  repaid 
by  tlie  County  Council,  the  L.G.B.  has  the  same 
powers  in  regard  to  qualification,  appointment,  duties, 
salary,  and  tenure  of  office  as  it  has  in  the  case  of  a 
Poor  Law  medical  officer  (Public  Health  Act,  s.  191). 

In  December,  1910,  the  L.G.B.  issued  a  memor- 
andum _  on  the  whole  subject  of  the  appointment 
of  medical  officers  of  health,  in  which  they  emphasized 
the  advantages  of  Avhole-time  appointments.  In 
order  to  secure  such  appointments  it  is  frequently 
desirable  for  small  districts  to  combine,  an  arrange- 
ment approved  by  the  Board.  It  is,  in  the  Board's 
opinion,  also  desirable,  for  economy  and  efficiency, 
^  545 
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that  certain  posts  should  be  held  conjointly  by 
the  same  officer,  viz.  M.O.H.,  S.M.O.  and  as.sistant 
S.M.O.,  superintendent  of  the  local  isolation  ho.s- 
pital,  certifying  factory  surgeon,  and,  in  the  same 
district,  public  surgeon,  public  vaccinator,  and  poor- 
law  medical  officer.  The  M.O.H.  may  also,  where 
qualified,  undertake  analytical  and  bacteriological 
work.  It  forms,  however,  no  part  of  the  ordinary 
duties  of  the  M.O.H.  to  make  Ml  analysis  of 
milk,  water,  sewage  effluents,  etc. 

Qiialiflcatioiis.  — The  Orders  issued  by  the 
L.G.B.  require  that  the  M.O.H.  shall  be  registered 
under  the  Medical  Act  of  1858,  and  be  qualified  by  law 
to  practise  both  medicine  and  surgery  in  England  and 
Wales.  The  powers  of  the  Board  in  this  respect  are 
practically  superseded  by  the  Local  Government  Act, 
1888,  s.  18  of  which  requires  that  (except  when 
the  i.  G.B.,  for  reasons  brought  to  their  notice,  may 
see  fit  in  particular  cases  especially  to  allow)  every 
M  O  H  appointed  after  the  passing  of  the  Act  shall 
be  leo-ally^  qualified  for  the  practice  of  medicuie, 
surgery  and  midwifery ;  and  further,  by  the  same 
section,  he  must,  if  appointed  after  the  1st  of 
January,  1892,  to  a  district  havmg  at  the  last 
census  50,000  inhabitants  or  more,  appear  m  the 
Medical  Register  as  the  holder  of  a  diploma  m 
Sanitary  Science,  Public  Health,  or  State  Medicme 
under  s  21  of  the  Medical  Act,  1886  ;  or  have 
been,  during  some  three  consecutive  years  prior  to 
1892,  a  medical  officer  of  a  district  with  a  populatmn 
(according  to  the  last  census)  of  not  less  than  20,000  ; 
or  have  been  for  not  less  than  three  years  a  medical 
officer  or  inspector  of  the  L.G.B. 

Tenure  ol  office—Every  medical  officer  appointed 
to  hold  office  without  limit  of  time  shall  continue  to 
hold  office  until  he  dies,  resigns,  or  is  removed  by  the 
L  G.B.  or  by  the  Council,  with  the  assent  of  the 
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L.G.B.,  or  is  proved  to  be  insane.    Subject  to  the 
provisions  of  the  Order,  every  officer  appointed  for  a 
specified  term  shall,  on  the  expiration  of  that  term, 
unless  the  Council  three  months  prior  to  the  expir- 
ation of  the  term  by  resolution  otherwise  determine, 
continue  to  hold  office  from  year  to  year  until  he  dies, 
resigns,  or  is  removed  by  the  L.G.B.  or  by  the 
Council,  with  the  assent  of  the  L.G.B.,  or  is  proved  to 
be  insane,  and  no  further  reappointment  of  the  officer 
by  the  Council,  and  no  further  approval  of  his 
appointment  by  the  L.G.B.  shall  be  required  unless 
the  terms  of  the  appointment  are  altered.  Provided 
always  that  the  Council,  after  the  expiration  of  the 
specified  term,  may  terminate  the  appointment  by 
giving  to  the  officer  three  months'  written  notice  of 
their  intention  to  do  so,  and  such  notice  shall  take 
effiict  at  the  same  period  of  the  year  as  that  at  which 
the  original  term  expired  and  not  otherwise.    A  copy 
of  such  notice  shall  be  sent  to  the  L.G.B.  at  the 
same  time  as  the  notice  is  sent  to  the  officer.  The 
Council  may  at  any  time,  by  resolution,  and  with  the 
consent  of  the  L.G.B.,  appoint  an  officer  who  holds  an 
appointment  for  a  specified  term  to  hold  office  without 
limit  of  time. 

The  Council  may,  at  their  discretion,  suspend  any 
officer  from  the  discharge  of  his  duties,  and  shall,  in 
case  of  every  such  suspension,  forthwith  report  the 
same,  together  with  the  cause  thereof,  to  the  L.G  B 
who  may  remove  the  suspension  of  the  officer  by  the 
Council,  when  he  shall  forthwith  resume  his  duties. 
Where  any  change  in  the  extent  of  the  district  of  any 
officer,  01^  m  his  duties  or  salary,  is  deemed  necessary 
by  the  Council  or  the  L.G.B.,  and  he  declines  to  ac- 
quiesce therein  the  Council  may,  with  the  consent  of 
the  L.G.B.,  but  not  otherwise,  and  after  six  months' 
notice  in  writing,  signed  by  their  Clerk,  given  to  the 
officer,  determine  his  office. 
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Salary. — The  salary  has  to  he  approved  hy  the 
L.G.B.,  and  with  the  consent  of  tliis  Board  the 
Council  may  pay  a  reasonable  remuneration  on 
account  of  extraordinary  services,  or  other  unfore- 
seen or  special  circumstances  connected  with  his  duties 
or  the  necessities  of  the  district  for  which  he  is  ap- 
pointed. In  all  cases  of  whole-time  appointments  it  is 
important  that  the  salary  should  be  adequate  to  attract 
men  with  good  qualifications  and  wide  experience,  and 
to  retain  their  services. 

Duties. — The  duties  of  medical  officei^s  of  health 
as  prescribed  by  the  L.G.B.  are  the  same  whether  a 
contribution  is  made  to  the  salary  or  not,  except  that 
in  the  latter  case  the  officer  is  obliged  to  report  his 
appointment  within  seven  days  to  the  L.G.B. 

The  following  duties  are  prescribed  by  the  Board's 
Order  of  1910  (Art.  19),  for  every  M.O.H.  appointed 
or  reappointed  after  that  date  : — 

1.  He  shall  inform  himself  as  far  as  practicable  respecting 
all  influences  affecting  or  threatening  to  affect  injuriously 
the  public  health  within  the  district. 

2.  He  shall  inquire  into  and  ascertain  by  such  means  as  are 
at  his  disposal  the  causes,  origin,  and  distribution  of  diseases 
-within  the  district,  and  ascertain  to  what  extent  the  same  have 
depended  on  conditions  capable  of  removal  or  mitigation.  _ 

3.  He  shall  by  inspection  of  the  district,  both  systematically 
at  certain  periods,  and  at  intervals  as  occasion  may  require, 
Icoep  himself  informed  of  the  conditions  injurious  to  health 
existing  therein. 

4.  He  shall  be  prepared  to  advise  the  Council  on  all  matters 
affecting  the  health  of  the  district,  and  on  all  sanitary  points 
involved  in  the  action  of  the  Council ;  and  in  cases  requiring  it, 
he  shall  certify,  for  the  guidance  of  the  Council  or  of  the 
justices,  as  to  any  matter  in  respect  of  which  the  certificate 
of  a  M.O.H".  or  a  medical  jiractitioner  is  required  as  the  basis 
or  in  aid  of  sanitary  action. 

5.  On  receiving  information  of  the  outbreak  of  any  in- 
fectious or  epidemic  disease  of  a  dangerous  character  within 
the  district,  he  shall  visit  without  delay  the  spot  where  the 
outbreak  has  occurred,  and  inquire  into  the  causes  and  circum- 
stances of  such  outbreak,  and  in  case  he  is  not  satisfied 
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that  all  due  precautions  are  being  taken,  he  shall  advise 
the  persons  competent  to  act  as  to  the  measures  which  appear 
to  him  to  be  required  to  prevent  the  extension  of  the 
disease,  and  shall  take  such  measures  for  the  prevention  of 
disease  as  he  is  legally  authorized  to  take  under  any  statute 
in  force  in  the  district  or  by  any  resolution  of  the  Council. 

6.  Subject  to  the  instructions  of  the  Council,  he  shall 
direct  or  superintend  the  work  of  the  Inspector  of  Nuisances 
in  the  way  and  to  the  extent  that  the  Council  shall  approve, 
and  on  receiving  information  from  the  Inspector  of  Nuisances 
that  his  intervention  is  required  in  consequence  of  the 
existence  of  any  nuisance  injurious  to  health,  or  of  any 
overcrowding  in  a  house,  he  shall,  as  early  as  practicable, 
take  such  steps  as  he  is  legally  authorized  to  take  under 
any  statute  in  force  in  the  district,  or  by  any  resolution  of 
the  Council,  as  the  circumstances  of  the  case  may  justify 
and  require. 

7.  In  any  case  in  which  it  may  appear  to  him  to  be 
necessary  or  advisable,  or  in  which  he  shall  be  so  directed  by 
the  Council,  he  shall  himself  inspect  and  examine  any  animal 
carcase,  meat,  poultry,  game,  flesh,  fish,  fruit,  vegetables' 
corn,  bread,  flour,  or  milk,  and  any  other  article  to  which 
Ihe  provisions  of  the  Public  Health  Acts  in  this  behalf 
apply,  exposed  for  sale,  or  deposited  for  the  purpose  of 
sale  or  of  preparation  for  sale,  and  intended  for  the 
food  of  man,  which  is  deemed  to  be  diseased,  or  unsound 
or  unwholesome,  or  unfit  for  the  food  of  man;  and  if 
he  finds  that  such  animal  or  article  is  diseased,  or  unsound 
or  unwholesome,  or  unfit  for  the  food  of  man,  he  shall 
give  such  directions  as  may  be  necessary  for  causino-  the 
same  to  be  dealt  with  by  a  justice  according  to  the  provisions 
o±  the  statutes  applicable  to  the  case.  He  shall  also  take 
such  action  as  it  may  be  necessary  for  him  to  take  by  virtue 

A  .  ,  ^n^'^'^'T^  ^"^^^'^  HeRlth  (Regulations  as  to  Food) 

Act,  1907,  and  any  regulations  made  thereunder. 

8.  He  shall  perform  all  the  duties  imposed  upon  him  bv 
any  bye-laws  and  regulations  of  the  Council,  duly  confirmed 
where  confirmation  is  legally  required,  in  respect  of  any 
matter  affecting  the  public  health,  and  touching  which  thev 
are  authorized  to  frame  bye-laws  and  regulations. 

9.  He  shall  inquire  into  any  offensive  process  of  trade 
carried  on  withm  the  district,  and  report  on  the  appropriate 
therefrom  a"y  nuisance  or  injury  to  health 

10.  He  shall  attend  at  the  oflice  of  the  Council,  or  at  some 
other  appointed  place,  at  such  times  as  they  may  direct. 
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11.  He  shall  from  time  to  time  report  in  writing  to  the 
Council  his  proceedings,  and  the  measures  which  may  require 
to  be  adopted  for  the  improvement  or  protection  of  the  public 
]ieiilth  in  the  district.  He  shall  in  like  manner  report  with 
respect  to  the  sickness  and  mortality  within  the  district,  so  far 
as  he  has  been  able  to  ascertain  the  same. 

12.  He  shall  keep  a  book  or  books,  to  be  provided  by  the 
Council,  in  which  he  shall  make  an  entry  of  his  visits,  and 
notes  of  his  observations  and  instructions  thereon,  and  also  the 
date  and  nature  of  applications  made  to  him,  the  date  and 
result  of  the  action  taken  thereon  and  of  any  action  taken  on 
previous  reports;  and  shall  produce  such  book  or  books,  when- 
ever required,  to  the  Council. 

13.  On  Monday  the  9th  of  January,  1911,  and  on  every 
Monday  thereafter,  he  shall  forward  to  the  L.G-.B.  by  post,  at 
such  an  hour  as  in  the  ordinary  course  of  post  will  ensure  its 
delivery  on  the  following  Tuesday  moi'ning  a  return,  in  such 
form  as  the  L.G.B.  may  from  time  to  time  i-equire,  as  to  the 
number  of  cases  of  infectious  disease  notified  to  him  during  the 
week  ended  on  the  preceding  Saturday  night.  He  shall  also 
forward  at  the  same  time  a  duplicate  of  the  return  to  the 
medical  officer  or  officers  of  health  of  the  county  or  counties 
in  which  the  district  is  situated. 

14.  He  shall  as  soon  as  pi-acticable  after  the  31st  of  December 
in  each  year  make  an  annual  report  to  the  Council,  iip  to  the 
end  of  December,  on  the  sanitary  circumstances,  the  sanitary 
administration,  and  the  vital  statistics  of  the  district. 

In  addition  to  any  other  matters  upon  which  he  may  con- 
sider it  desirable  to  report,  his  annual  report  shall  contain  the 
information  indicated  in  the  following  paragraphs  ;  together 
with  such  further  information  as  the  L.Gr.B.  may  from  time 
to  time  require  : — 

(«)  An  account  of  any  influences  threatening  the  health  of 
the  district,  the  prevalence  of  infectious  or  epidemic  diseases 
therein,  and  the  measures  taken  for  their  prevention. 

(b)  An  account  of  all  general  and  special  inquiries  made 
during  the  year. 

{<')  An  account  of  the  work  performed  by  the  Inspector  of 
Nuisances  during  the  year,  including  the  statement  supplied 
in  pursuance  of  Article  xx.  (16)  of  this  Order. 

(d)  A  statement  as  to  the  conditions  affecting  the  whole- 
someness  of  the  milk  produced  or  sold  in  the  district. 

{e)  A  statement  as  to  the  conditions  aft'ecting  the  whole- 
someness  of  foods  for  human  consumption,  other  than  milk, 
produced  or  sold  in  the  district. 

(/)  A  statement  as  to  the  sufficiency  and  quality  of  the 
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water  supply  of  the  disfcrict  and  of  its  several  parts,  and  in 
ureas  where  the  supplj^  is  from  Avaterworks,  information  as  to 
whether  the  supply  is  constant  or  intermittent. 

{(/)  A  statement  as  to  the  pollution  of  rivers  or  streams  in 
the  district. 

(/<)  A  statement  as  to  the  character  and  sufficiency  of  the 
arrangements  for  the  drainage,  sewerage  and  sewer  disposal  in 
all  parts  of  the  district. 

(i)  A  statement  as  to  the  privy,  water-closet,  and  other 
doset  accommodation  in  the  district,  including  information  as  to 
the  approximate  numher  of  each  type  of  privy  and  closet. 

(j)  A  statement  as  to  the  character  and  efficiency  of  the 
arrangements  for  the  removal  of  house-refuse,  and  the  cleans- 
ing of  earth-closets,  privies,  ashpits,  and  cesspools  in  the 
district. 

(k)  A  statement  with  regard  to  the  housing  accommodation 
of  the  district  as  required  by  Article  v.  of  the  Housing  (In- 
spector of  District)  Regulations,  1910,  and  an  account  of  any 
other  action  taken  by  the  Council  under  the  Housing,  Town 
Planning,  &c.,  Act.  1909,  bearing-  on  the  public  health. 

[1)  A  statement  as  to  the  vital  statistics  of  the  district,  in- 
cluding a  tabular  statement,  in  such  form  as  the  L.G-.B.  may 
from  time  to  time  direct,  of  the  sickness  and  mortality  within 
the  district. 

{ill)  Where  the  M.O.H.  is  appointed  by  the  Council  of  a 
county  borough,  or  by  a  Council  having  delegated  powers 
under  the  Midwives  Act,  1902,  a  statement  as  to  the  adminis- 
tration of  that  Act  in  the  district  : 

Provided  that,  if  the  M.O.H.  shall  resign  or  be  removed, 
before  the  31st  of  December  in  any  year,  he  shall  as  soon  as 
practicable  after  going  out  of  office  make  to  the  Council  the  like 
report  for  so  much  of  the  year  as  shall  have  expired  when  he 
ceased  to  hold  office. 

15.  He  shall  forthwith  report  to  the  L.G.B.  any  case  of 
plague,  cholera,  or  small-pox,  or  of  any  serious  outbreak  of 
epidemic  disease  in  the  district  which  may  be  notified  to  him, 
or  which  may  otherwise  come  or  be  brought  to  his  knowledge. 

16.  He  shall  transmit  to  the  L.G-.B.  three  copies  of  each 
annual  report  and  one  copy  of  any  special  report.  At  the  same 
time  ho  shall  transmit  a  copy  of  the  report  or  give  the  like 
information  to  the  County  Council  or  County  Councils  of  the 
county  or  counties  within  which  the  district  is  situated. 
Where  the  M.O.H.  is  appointed  by  the  Council  of  a  county 
borough,  or  by  a  Council  having  delegated  powers  under  the 
]\lidwives  Act,  1902,  he  shall  also  transmit  to  the  Privy  Council 
and  to  the  Central  Midwives  Board  either  a  copy  of  his  annual 
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report  or  of  that  part  of  it  which  contains  the  slatcnient 
relating  to  the  administration  of  the  IMidwives  Act,  1902. 

17.  In  matters  not  speciflcally  provided  for  in  this  Order,  lie 
shall  oh  serve  and  execute  any  instructions  issued  hy  the 
L.Gr.B.,  and  the  lawful  orders  and  directions  of  the  Council 
applicahle  to  his  ofiicc. 

18.  Whenever  the  L.G-.B.  shall  make  regulations,  and  shall 
declare  the  regulations  so  made  to  be  in  force  within  any  area 
comprising  the  whole  or  any  part  of  the  distinct,  he  shall  observe 
such  regulations,  so  far  as  the  same  relate  to  or  concern  his 
office. 

The  duties  of  the  M.O.H.  to  a  Port  S.A.  are 
defined  by  the  L.G.B.  in  terms  which  are  closely 
paraUol  to  those  given  above,  omitting  the  references 
to  regulated  trades  and  inspection  of  food,  and  other 
matters  clearly  concerned  with  ordinary  sanitary 
districts,  and  substituting  "ships"  for  "houses,"  and 
"  shipping  within  the  district"  for  "district.  " 

"  He  shall  inform  himself  as  f.ir  as  practicable  respecting 
all  conditions  affecting  or  threatening  to  affect  injuriously  the 
health  of  crews  and  other  persons  on  ship-board  within  the 

district  He  shall  inquire  into,  and  ascertain  bj'' 

such  means  as  are  at  his  disjjosal,  the  causes,  origin,  and  dis- 
tribution of  diseases  in  the  ships  and  other  vessels  within  the 
district,  and  ascertain  to  what  extent  the  same  have  depended 

on  conditions  capable  of  removal  or  mitigation  

He  shall,  by  inspection  of  the  shipping  in  the  district,  keep 
himself  informed  of  the  conditions  injurious  to  health  existing 

therein  On  receiving  information  of  the  arrival 

within  the  district  of  any  ship  having  any  infectious  or 
epidemic  disease  of  a  dangerous  character  on  board,  or  of  the 
outbreak  of  any  such  disease  on  board  any  ship  within  the 
district,  he  shall  visit  the  vessel  without  delay,  and  inquire 
into  the  causes  and  circumstances  of  such  outbreak,  and  advise 
the  persons  competent  to  act  as  to  the  measures  which  may 
appear  to  him  to  be  required  to  prevent  the  extension  of  the 
disease,  and  so  far  as  he  may  be  lawfully  authorized  to  assist 
in  the  execution  of  the  same  On  receiving  in- 
formation from  the  Inspector  of  Nuisances  that  his  intervention 
is  required  in  consequence  of  the  existence  of  any  nuisnnce 
injurious  to  health,  or  of  any  overcrowding  in  a  ship,  he  shall, 
as  early  as  practicable,  take  such  steps  authorized  by  the  Public 
Health  Act,  1875,  on  that  behalf,  as  the  circumsttmces  of  the 
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case  may  justify  and  require  When  any  vessel 

within  his  district  has  had  dangerous  infectious  disease  on 
bonrd,  he  shall  give  notice  thereof  to  the  M.O.H.  of  any  jjovt 
within  the  United  Kingdom  whither  such  vessel  is  about  to 
sail." 

Duties  of  County  Medical  Oflicers  ol  Health. 

— Section  68  of  the  Housing,  Town  Planning,  etc.,  Act, 
1909  (subsection  1),  requires  every  County  Council 
to  appoint  a  M.O.H.,  and  in  July,  1910,  the  L.G-.B, 
issued  a  General  Order  setting  out  the  duties  of  these 
officers. 

The  Board  have  not  included  any  provision 
requiring  the  M.O.H.  of  the  county  to  compile 
periodical  lists  of  infectious  disease,  as  these  are 
now  obtained  Aveekly  by  the  L.G.B.  from  the  district 
M.O.H. 

The  Board  regarded  any  provision  as  to  the  co- 
ordination of  the  v^ork  of  the  S.M.O.  under  the 
Education  (Administrative  Provisions)  Act,  1907, 
with  the  work  of  the  county  M.O.H.,  as  not  im- 
mediately within  the  scope  of  the  Order.    Both  they 
and  the  Board  of  Education  consider  that  this  co- 
ordination should  be  as  close  as  possible,  and  that 
it  can  besfc  be  secured  by  the  appointment  of  the 
same  oflicer  as  county  M.O.H.  and  county  S.M.O. 
The  duty  of  serving  as  S.M.O.  is  clearly  within  the 
scope  of  those  "  other  duties  "  which,  under  the  Act, 
may  be  assigned  by  the  County  Council  to  its  M.O.H. 
Where  the  work  of  the  two  offices  is  more  than  can 
be  discharged  by  one  officer,  the  case  should  be  met 
by  tlie  appointment  of  assistants,  rather  than  by  the 
appointment  of  separate  and  independent  officers.  In 
some  instances  it  may  be  desirable  that  such  addi- 
tional assistance  as  is  required  in  regard  to  school 
hygiene  should  be  obtained  by  the  appointment,  as 
an  as.sistant  S.M.O.,  of  the  M.O.H.  of  a  district 
or  combination   of   districts  in  the  county.  The 
adoption  of  this  course  may  enable  the  Councils  of 
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the  districts  concerned  to  obtain  the  advantage  of 
the  services  of  an  officer  who  does  not  encraffe  in 
private  practice. 

Subsection  7  of  s.  68  of  the  Act  provides  that  a 
M.O.H,  appointed  after  the  passing  of  the  Act  shall 
not  engage  in  private  practice,  and  shall  not  hold 
any  other  public  appointment  without  the  express 
written  consent  of  the  L.G.B.,  and  ss.  3  takes 
away  the  power  of  County  Councils  and  District 
Councils  under  s.  17  of  the  Local  Government  Act, 
1888,  to  make  arrangements  to  employ  the  same 
M.O.H.  As  indicated  above,  the  Board  are  pre- 
pared to  consent  to  the  M.O.H.  holding  also  the 
office  of  S.M.O.  in  the  county,  but  they  think  it  is 
generally  undesirable  that  any  other  offices  should 
be  held  by  the  county  M.O.H.  In  regard  to  the 
remuneration  of  the  M.O.H.,  the  Board's  experience 
shows  that  it  is  desirable  that  in  addition  to  his 
salary  the  officer  should  be  repaid  his  actual  travel- 
ling expenses,  and  that  he  should  be  provided  with 
adequate  clerical  assistance.  The  Board  point  out 
that  to  secure  the  best  interests  of  the  county  in 
the  department  of  public  health  co-operation  between 
the  county  M.O.H.  and  the  district  M.O.H.  is 
essential. 

The  Order  prescribes  the  following  duties  as  the 
duties  of  every  medical  officer  of  health  of  a  county 
other  than  the  administrative  county  of  London  : — 

1.  The  M.O.H.  of  the  county  shall  inform  himself  as  far 
as  practicable  respecting  all  influences  affecting  or  threatening 
to  affect  injuriously  the  public  health  in  the  county.  For  this 
purpose  he  shall  visit  the  several  county  districts  in  the  county 
as  occasioa  may  require,  giving  to  the  M.O.H.  of  each 
county  district  prior  notice  of  his  visit,  so  far  as  this  may 
be  practicable. 

2.  The  M.O.H.  of  the  county  shall  from  tmie  to  time 
inquire  into  and  report  upon  the  hospital  accommodntion 
availuble  for  the  isolation  of  cases  cccurring  in  the  county  — 
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(ri)  of  small-pox,  and  {b)  of  other  infectious  diseases,  and 
upon  any  need  for  the  provision  of  further  hospital  accommo- 
dation. 

3.  The  M.O.H.  of  the  county  shall  communicate  to  the 
M.O.H.  of  a  county  district  within  the  county  any  informa- 
tion which  he  may  possess  as  to  any  danger  to  health  threaten- 
ing that  district. 

4.  The  M.O.H.  of  the  county  shall  consult  with  the 
M.O.H.  of  county  districts  within  the  county  whenever  the 
circumstances  may  render  this  desirable. 

5.  If  the  annual  or  special  reports  of  the  M.O.H.  of  a 
county  district  in  the  county  shall  not  contain  adequate  in- 
formation in  regard  to  («)  the  vital  statistics  of  the  district, 
(i)  the  sanitary  circumstances  and  administration  of  the 
district,  and  {c)  the  action  taken  in  the  district  for  putting  in 
force  the  provisions  of  the  Housing  of  the  Working  Classes 
Acts,  1890  to  1909,  the  M.O.H.  of  the  county  shall  obtain 
from  the  M.O.H.  of  the  county  district  such  further  informa- 
tion on  those  matters  as  the  circumstances  may  demand. 

6.  The  M.O.H.  of  the  county  shall,  when  directed  by  the 
L.Gr.B.,  or  by  the  County  Council,  or  as  occasion  may  require, 
make  a  special  report  to  the  County  Council  on  any  matter 
appertaining  to  his  duties  under  this  Order. 

7.  The  M.O.H.  of  the  county  shall,  as  soon  as  practicable 
after  the  31st  day  of  December  in  each  year,  make  an  annual 
report  to  the  County  Council  up  to  the  end  of  December  on 
the  sanitary  circumstances,  the  sanitary  administration  and 
the  vital  statistics  of  the  county.  In  addition  to  any  other 
matters  upon  which  the  M.O.H.  may  consider  it  desirable 
to  report,  his  annual  report  shall  contain  the  following  sec- 
tions :  (a)  A  digest  of  all  annual  and  special  reports  made  by 
the_M.O.H.  of  all  county  districts  within  the  county;  (b)  a 
section  as  to  the  isolation-hospital  accommodation  available 
for  each  county  district  and  as  to  the  steps  which  should  be 
taken  to  remedy  any  deficiencies  which  may  exist ;  (c)  a  sec- 
tion on  the  administration  of  the  Housing  of  the  Working 
Classes  Acts,  1890  to  1909,  within  the  county  ;  {d)  a  section 
on  the  water  supply  of  the  several  county  districts  within  the 
county  ;  (e)  a  section  on  the  pollution  of  streams  within  the 
county  and  as  to  the  steps  for  the  prevention  of  pollution 
token;  (i.)  by  the  local  authorities,  and  (ii.)  by  the  County 
Council ;  (/)  a  section  on  the  administration  within  the  county 
of  the  Midwives  Act,  1902  ;  and  {</)  a  section  on  the  adminis^- 
tration  of  the  Sale  of  Food  and  Drugs  Acts,  1875  to  1907 
within  that  part  of  the  count  y  in  which  the  County  Council 
have  jurisdiction  for  the  purposes  of  those  Acts. 
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8.  The  M.O.H.  of  the  county  shall  send  to  the  L.G.B. 

two  copies  of  liis  annual  report  and  two  copies  of  any  special 
report  ;  he  shall  also  fceiid  one  copy  of  his  annual  report  to 
the  Council  of  every  county  district  in  the  county,  and  shall 
send  three  copies  of  any  spe  cial  report  to  the  Council  of  every 
such  county  district  affected  by  the  special  report. 

Annual  reports— Under  the  Local  Goverii- 
meut  Act,  1888,  s.  24  (2)  (c),  one-half  of  the  salary 
of  a  M.O.H.  is  forfeited,  and  the  S.A,  lose  the 
benefit  of  repayment  of  a  moiety  of  the  salary  by 
the  County  Council,  if  the  M.O.H.  does  not  furnish 
an  annual  report  as  required  by  the  regulations.  The 
following  instructions  were  issued  by  the  L.G.B.,  in 
November,  1910  : — 

Every  M.O.H.  appointed  under  Order  of  the  L.Gr.B. 

is  required  to  make  an  annual  report  with  regard  to  each 
sanitary  district,  or  division  of  a  district,  which  is  under  his 
superintendence.  This  report  is  to  be  for  the  year  ending  the 
31st  of  December,  or,  if  the  officer  at  that  date  has  not  been  in 
ofl&ce  for  a  whole  year,  then  for  so  much  of  the  year  as  has 
elapsed  since  his  ai^pointment.  The  report  is  to  be  made  to 
the  Council  by  whom  he  is  appointed,  and  the  M.O.H. 
himself  should  send  a  copy  of  it  to  the  L.G.B.  and  to  the 
County  Council  or  County  Councils  of  the  countj'^  or  counties 
within  which  his  district  maybe  situated.*  It  should  be  made 
as  soon  as  practicable  after  the  expiration  of  the  year  to  which 
it  relates.  The  M.O.H.  ought  not  to  have  any  difficulty  m 
doing  this  within  two  months;  but  if  from  any  special  cir- 
cumstances the  report  cannot  be  completed  within  this  peripd, 
it  should  be  understood  that  the  delay  must  not  be  indefinite, 
and  that  the  report  should  be  in  the  hands  of  his  Council,  and 

*  Where  the  district  for  which  a  M.O.H.  acted  at  the  begiuning  of  the 
year  has,  in  consequence  of  any  Order  made  by  a  County  Council  or  Joint 
Connnittee  under  the  Local  Government  Acts,  1888  and  1804,  been  placed 
under  the  jurisdiction  of  two  or  more  Councils,  the  M.O.H.  should  send 
to  each  Council,  either  a  report  on  the  whole  area  for  which  he  has  acted 
during  the  previous  year,  or  a  report  relating  to  so  nuich  of  that  area  as  on 
the  31bt  December  of  tliat  year  was  under  tlie  jurisdiction  of  each  Conucil. 
If  one  report  only  be  made,  the  M.O.H.  should  make  such  distinctions  as 
will  enable  each  Council  to  ascertain  the  facts  specially  relating  to  its  own 

district.  i 
In  cases  where  the  Local  Authority  having  .iiirisdictioii  oyer  an  area  at 
the  beginning  of  the  year  has  ceased  to  exist,  the  M.O.H.  should  report 
thereon  to  the  Cnuncil  or  Councils  exercising  authority  over  such  area  at 
the  time  that  he  makes  his  annual  report. 
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of  the  Board,  within,  at  most,  three  months  from  the  end  of 
the  year.*  Any  special  circumstances  preventing  the  delivery 
of  the  Board's  copy  within  three  months  from  the  end  of  the 
year  should  at  once  be  reported  to  the  Board.  The  Board's 
copy  of  the  report  should  be  forwarded  to  them  when  the 
original  is  sent  to  the  Council,  unless  the  report  is  about  to 
be  printed  by  order  of  the  Council.  In  such  cases  the  Board 
need  only  be  supplied  with  three  printed  copies.  It  is 
very  desirable  that  the  annual  report  should  be  printed,  for 
the  sake  of  facility  of  reference  and  in  order  that  a  supply  of 
copies  may  be  available  for  distribution  among  the  town  or 
district  councillors  and  other  persons  interested. 

Article  18  (s.  14)  of  the  Board's  Order  of  March,  1891, 
specifies  the  information  to  be  contained  in  the  annual  report. 

The  report  should  be  chiefly  concerned  with  the  conditions 
affecting  health  in  the  district  and  with  the  means  for  improv- 
ing those  conditions.  It  should  contain  an  accoimt,  bi-ought 
up  to  the  end  of  the  year  under  review,  of  the  sanitarj'  circum- 
stances of  the  district,  and  of  any  improvement  or  deterioration 
in  these  circumstances  which  may  have  occurred  during  the 
year.  Care  should  be  taken  to  report  fully  and  explicitly  on 
the  influences  affecting  or  threatening  to  affect  injuriously  the 
public  health  in  the  district,  and  on  the  action  which  has  been 
taken,  or  which  may  still  be  needed,  with  a  view  to  combat 
those  influences.  It  is  of  especial  importance  that  the 
M.O.H.  should  record  what  action  has  been  taken  to 
remedy  unhealthy  conditions  which  have  been  reported  by  him 
in  previous  annual  reports,  or  in  special  reports  presented 
during  the  year  under  review,  and  that  attention  should  be 
called  afresh,  year  by  year,  1o  such  as  remain  unremedied. 

The  following  deserve  to  be  especially  borne  in  mind  as 
subjects  concerning  which  the  Board  desire  to  obtain,  through 
annual  reports  of  the  M.O.H.,  not  only  definite  general 
information,  but  record  also  of  particular  changes  of  condition 
that  may  have  occurred  incidentally  or  by  action  of  the  Local 
Authority  :  — 

Physical  features  and  general  character  of  the  district 
and  general  conditions  of  its  population. 

The  chief  occupations  of  the  inhabitants,  and  the  in- 
fluence of  any  particular  occupation  on  public  health. 

*  Medical  officer  of  licalth  sometimes  delay  is.suiiig  their  annu.il 
reports  in  oider  to  incorporate  in  them  some  of  the  statistics  of  the 
llegistrar-General  for  the  same  year.  Tlie  rates  required  for  this  purpose 
are  given  in  the  Quarterly  Ueturii  of  Births  and  Deaths  of  the  Registrar- 
General  for  the  last  quarter  of  (lie  year  in  question,  which  is  published 
about  six  weel<3  after  the  end  of  the  year. 
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House  accommodation,  especially  for  the  working 
classes:  its  adequacy  and  fitness  for  habitation.  Suffi- 
ciency of  open  space  about  houses,  and  cleanliness  of 
surroundings.  Supervision  over  erection  of  new  houses. 
Action  under  Parts  i.,  ii.  and  iii.  respectively  of  the 
Housing  of  the  Working  Classes  Act,  taken  or  needed. 

Water  supply  of  the  district  or  of  its  several  parts  : 
its  source  (from  public  service  or  otherwise),  natui-e  (river 
water,  well  water,  upland  water,  etc.),  sufficiency,  whole- 
someness,  and  freedom  (by  special  treatment  or  otherwise) 
from  risks  of  pollution.  In  the  case  of  water  liable  to 
have  plumbo-solvent  action,  any  facts,  either  clinical  or 
chemical,  whether  negative  or  positive,  as  to  contamina- 
tion of  the  water  by  lead  should  be  stated,  and  whether 
administrative  action  has  been  taken  during  the  year  in 
respect  of  such  contamination. 

Milk  supply  :  character  and  wholesomeness  of  milk 
produced  within  the  district  or  imported ;  condition  of 
daii'ies,  cowsheds,  and  milkshops ;  administration  in  re- 
gard to  milk.    Tuberculous  milk. 

Other  foods  :  unsound  food  and  food  inspection  ;  sani- 
tary condition  of  premises  where  foods  are  prepared,  stored, 
or  exposed  for  sale.  Meat  inspection,  disease  in  meat,  and 
condition  of  slaughterhouses.  Action  under  Sale  of  Food 
and  Drugs  Acts,  taken  or  needed.  Action  under  s.  117 
of  the  Public  Health  Act,  1875.  Number  of  carcases 
and  parts  of  carcases  condemned  for  tuberculosis.  Infor- 
mation on  this  point  should  be  given  even  when  entirely 
negative. 

Sewerage  and  drainage :  its  sufficiency  in  all  parts  of 
the  district.  Condition  of  sewers  and  house  drains. 
Method  or  methods  of  disposal  of  sewage.  Localities 
where  improvements  are  needed. 

Pollution  of  rivers  and  streams  in  the  district :  the 
sources  and  natm-e  of  such  pollution,  and  any  action  taken 
to  check  it. 

Excrement  disposal :  system  in  vogue  ;  defects,  if  any. 

Eemoval  and  disposal  of  house  refuse — whether  by 
public  scavenger  or  occupiers :  frequency  and  method. 

Nuisances :  proceedings  for  their  abatement — any  re- 
maining unabated. 

Bye-laws  as  to  houses  let  in  lodgings,  offensive  trades, 
etc.  "Details  as  to  number  of  premises  coming  under  each 
set  of  bye-laws,  and  action  taken.  Any  need  of  amend- 
ment or  further  bye-laws. 

Schools,  especially  public  elementary  schools  ;  sanitary 


XVIl] 


ANNUAL  EEPORTS 


559 


condition  of,  including  water  supply ;  action  taken  in  re- 
lation to  the  health  of  the  scholars  and  for  preventing  the 
spread  of  infectious  disease.  Arrangements  for  medical 
inspection  of  school  children. 

Methods  of  dealing  with  infectious  diseases;  notifica- 
tion ;  isolation  hospital  accommodation,  its  sufEciency  and 
efficiency  ;  disinfection. 

Methods  of  control  of  tuberculosis ;  whether  any  sjj's- 
tem  of  notification  of  cases  of  pulmonary  tuberculosis, 
compulsory  or  voluntary,  is  in  operation.  Number  of 
cases  notified ;  what  action  is  taken  in  respect  of  known 
cases  and  of  deaths.  Amount  of  hospital  accommodation 
for  cases  of  pulmonary  tuberculosis  in  infirmaries  and 
elsewhere,  for  advanced  and  for  earlier  cases  of  the 
disease. 

With  regard  to  the  preceding  points  it  should  be  remem- 
bered that  these  reports  are  for  the  infonnation  of  the  Board 
and  of  the  County  Council  as  well  as  of  the  Council  of  the  dis- 
trict, and  that  a  statement  of  the  local  ciixumstances  and  a  his- 
tory of  local  sanitary  questions  which  may  seem  superfluous  for 
the  latter  may  often  be  needed  by  the  former  bodies. 

It  is  expected  that  each  of  the  preceding  points  will  be 
mentioned  in  the  annual  report,  and  the  extent  of  action  or  the 
absence  of  action  on  each  of  them  definitely  stated. 

The  report  should  deal  with  the  extent,  distribution  and 
causes  of  disease,  especially  of  epidemic  and  notifiable  diseases, 
and  of  tuberculosis  within  the  district ;  and  should  give  an  ac- 
count of  any  noteworthy  outbreaks  of  disease  which  may 
have  engaged  the  attention  of  the  M.O.H.  during  the 
year  under  review,  stating  the  result  of  his  investigations 
into  their  origin  and  propagation,  and  the  steps  taken  by  him, 
or  on  his  advice,  with  a  view  to  cheek  their  spread.  Attention 
should  be  called  to  cases  in  which  disease  is  "attributed  to  the 
consumption  of  particular  articles  of  food,  including  shell-fish. 

In  dealing  with  the  incidence  of  disease,  use  should  be 
made  of  the  tabular  statements  supplied  by  the  Board. 

This  section  of  the  report  should  treat  of  each  disease  in 
turn ;  and  it  will  be  convenient  in  the  same  connexion  to 
describe  the  administrative  action  taken.  Thus  the  adminis- 
ti-ation  of  the  Midwives  Act  may  with  advantage  be  considered 
in  relation  to  puerperal  fever,  and  of  the  Notification  of  Births 
Act,  1907,  in  relation  to  infant  mortality. 

If  the  last-named  Act  has  been  adopted,  the  M.O.H.  should 
report  fully  in  his  annual  report  on  the  measures  taken  by 
assistance  of  the  Act  in  repression  of  infant  mortality,  and  on 
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the  observed  effect  of  such  measures.  It  should  bo  stated 
whether  health  visitors  are  employed;  and,  if  so,  the  work 
done  by  them  in  the  course  of  the  year  should  be  set  out. 

Table  iv.  issued  by  the  Board  affords  opportunity  for  record 
in  detail  of  facts  as  to  infant  mortality.  It  is  well  known  that 
in  many  parts  of  this  country  the  infantile  death-rate  remains 
unduly  high  ;  that  it  differs  widely  in  districts  the  circum- 
stances of  which  are  not  definitely  dissimilar  ;  and  that  within 
the  limits  of  a  given  sanitary  area  this  death-rate  may  exhibit 
striking  diversities.  Not  a  few  M.O.H.,  in  their  annual 
reports — more  particularly  in  reports  for  recent  years— have 
dealt  in  detail  with  this  subject,  thus  making  important  contri- 
butions to  the  better  understanding  of  conditions  which  conduce 
to  infant  mortality.  Nevertheless,  statistics  available  in  this 
connexion  do  not  affoi'd,  excspt  in  a  broad  and  general  way, 
satisfactory  bases  for  comparison  of  district  with  district,  nor, 
indeed,  always  for  useful  contrast  of  different  sections  of  the 
same  district. 

Table  iv.  permits  record  in  regard  of  each  sanitary  district 
as  a  whole  (as  also  in  respect  to  each  of  particular  subdivisions 
of  his  district  which  the  M.O.H.  may  select  for  comparison) 
of  certain  facts  as  to  infant  mortality  in  each  of  the  several 
weeks  of  the  first  month  of  life  and  in  subsequent  months ; 
facts  which,  when  accumulated  for  a  series  of  years,  should 
prove  of  definite  value  in  instituting  comparisons  such  as  have 
b  3en  referred  to.  In  the  text  of  his  annual  report,  the  M.O.H. 
will,  no  doubt,  comment  on  the  facts  that  he  has  recorded  in 
his  table  or  tables,  offering,  at  the  same  time,  observations  on 
the  conditions  which,  in  his  view,  hare  mainly  contributed  to 
any  special  infant  mortalities  witnessed,  and  giving  account  of 
any  measures  adopted  to  ameliorate  those  conditions  regarded 
by  him  as  especi  illy  hostile  to  infant  life.  In  so  far  as 
modification  of  procedure  for  the  purpose,  or  of  law  in  facilitat- 
ing such  modification,  is  in  his  opinion  necessary,  the  M.O.H. 
is  invited  to  state  his  views. 

It  is  not  proposed  that  report  on  the  above  lines  be  limited 
to  districts  exhibiting  unduly  high  infantile  death-rates. 
Data  are  desirable  respecting  districts  low  in  the  scale  of 
infant  mortality,  with  comment  by  the  M.O.H.  on  the  facts 
that  he  is  recording,  and  indication  of  the  conditions  which,  in 
his  view,  have  principally  conduced  in  his  district  to  com- 
paratively insignificant  infantile  death-rate. 

In  reference  to  schools,  the  IMcmorandum  on  IMedical 
Inspection  of  Children  in  Elementary  Schools  (Circular  576) 
issued  by  the  Board  of  Education  in  November,  1907,  dealing 
with  the  new  duties  thrown  upon  Local  Education  Authorities 
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in  this  respect  by  Section  13  of  the  Education  (Administrative 
Provisions)  Act,  1907,  and  also  Circulars  582  and  596  issued 
hy  the  Board  of  Education  in  February  and  August,  1908, 
should  be  carefully  studied.  The  above  Act  does  not  confer 
powers  in  supersession  of  those  heretofore  exercised  generally 
in  a  public  health  sense  bj^  Sanitary  Authorities  under 
previous  enactments  ;  rather  it  is  supplementary  to  existing 
Public  Health  Law  in  that  it  requires  supervision  of  the 
health  of  the  individual  child.  Where  the  M.O.H.  is  also 
School  Medical  Officer  under  the  Code  of  Regulations  for 
Public  Elementary  Schools,  1908,  it  may  be  convenient  that 
the  annual  report  which  he  is  required  to  make  in  the  latter 
capacity  should  be  issued  together  with  his  annual  report  on 
the  health  of  his  district.  In  any  case,  whether  the  M.O.H. 
is  or  is  not  himself  the  S.M.O.,  he  should  state  in  his  annual 
report  what  arrangements  are  in  force  for  the  discharge  of  the 
duties  of  the  latter  office,  and  for  the  medical  inspection  of 
children  in  jjublic  elementary  schools  in  the  district. 

Section  132  of  the  Factory  and  Workshop  Act,  1901, 
which  came  into  force  on  January  1st,  1902,  requires  that 
"the  M.O.H.  of  every  District  Council  shall,  in  his 
annual  report  to  them,  report  specilically  on  the  administration 
of  this  Act  in  workshops  and  workplaces,  and  he  shall  send  a 
copy  of  his  annual  report,  or  so  much  of  it  as  deals  with  this 
subject,  to  the  Secretary  of  State." 

The  copy  should  be  addressed  to  the  Secretary  of  State, 
Home  Office,  Whitehall,  and  the  foregoing  remarks  with 
respect  to  the  transmission  of  the  report  to  the  L.G.B.  apply 
also  to  its  transmission  to  the  Home  Office. 

The  M.O.lt.  is  required  to  report  on  the  administration 
of  the  Factory  and  Workshop  Act,  1901,  only  in  so  far  as  this 
administration  is  in  the  hands  of  the  District  Council  and  is 
concerned  with  matters  in  his  department.  In  reporting  on 
the  sanitary  administration  of  workshops  and  workplaces  he 
should  include  an  account  of  the  action  with  respect  to 
factories,  workshops,  and  workj)laces  taken  under  the  Public 
Health  Acts  as  well  as  under  the  Factory  and  Workshop  Act. 

In  reporting  on  the  sanitary  condition  of  workshops  and 
workplaces  the  M.O.H.  should  state  what  action  has  been 
t-.iken  to  remedy  any  defective  conditions  met  with  under  each 
heading.  Ho  should  state  whether  section  22  of  the  Public 
Health  Acts  (Amendment)  Act,  1890,  is  in  force  in  the  district, 
and  what  standard  of  "  sufficiency  and  suitability  "  of  sanitary 
accommodation  is  adopted  locally. 

The  report  should  state,  as  regards  all  existing  underground 
bakehouses,  whether  they  comply  with  the  requirements  of  the 
2  K 
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District  Council  in  all  respects ;  and  the  sanitary  condition  of 
all  hakehouses  should  form  the  suhjoct  of  exact  comment. 

The  M.O.H.,  in  reporting  his  proceedings  and  advice, 
should  put  on  record  whether  he  has  made  systematic  inspec- 
tions of  his  district.  By  "  systematic  inspections  "  are  meant 
inspections  independent  of  such  inquiries  as  the  M.O.H.  may 
have  to  make  into  particular  outbreaks  of  disease,  or  into 
unwholesome  conditions  to  which  his  attention  has  been 
specially  called  by  complaints  or  otherwise  ;  and  such  inspec- 
tions will  include  the  house-to-house  insj)ections  which  may  be 
necessary  in  particular  localities. 

In  making  systematic  inspections,  as  in  much  of  his  other 
action,  the  M.O.H.  will  usually  have  required  the  assistance 
of  the  Inspector  of  Nuisances ;  and  the  medical  ofScer  should 
include  in  his  report  an  account  of  the  action  which  the 
inspector  may  have  taken  for  the  removal  of  nuisances  in- 
jurious to  health. 

In  addition  to  this  formal  memorandum,  the 
L.G.B.  issued  in  December,  1910,  particular  instruc- 
tions to  medical  officers  as  to  specific  information 
required  by  the  Board  from  their  district.  For 
instance,  in  county  boroughs  and  urban  districts 
additional  information  is  desired  as  to  inspection  of 
meat,  slaughter-houses,  veterinai-y  inspection  of  dairy 
cows,  the  Notification  of  Births  Act,  etc.  ;  in  rural 
districts,  as  to  picking  of  hops,  fruit  or  peas,  dairy 
management,  etc.  ;  in  ports,  as  to  food  inspection  and 
sickness  on  ship-board. 

SoiiB'ces  of  iiifornialioii.— Returns  of  regis= 
tered  deaths  sliould  be  obtained  weekly  from  each  of 
the  registration  sub-districts  within  the  area.*  These 
returns  should  give,  as  regards  every  death  registered 
during  the  week,  the  name,  age,  sex,  residence,  and 

*  "  Every  registrar,  when  and  as  required  by  a  S.A  sliall 

traiisinit  by  post  or  otiierwise  a  return,  certilicd  under  the  liand  of  su.-h 
rei'istrar  to  be  a"  ti'ue  return,  of  sueli  of  the  particulars  register<'d  by  hi  in 
cnucerniug  any  death  as  may  bo  spocilied  in  the  requisition  of  the  S.A. 
Tlie  S  A.  may  supply  a  form  of  tlie  jirescribed  character,  for  tlie  purpose 
of  tlie 'return,  and  in  that  ease  the  return  shall  be  made  in  the  form  so 
supplied  'the  registrar  making  such  returns  shall  be  entitled  to  a  fee  ot 
twopence,  and  to  a  further  f  of  twopenee  for  every  death  entered  in  such 
return,  which  fee  shall  be  paid  by  the  Authority  requiring  the  return. 
{Hirlhs  ami  Deaths  Registration  Act,  1S74,  s.  28. 
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occupation  of  the  deceased,  the  nature  and  duration 
(so  far  as  stated  on  the  certificate  of  cause  of  death) 
of  each  primary  and  secondary  cause  of  death, 
and  the  name  of  the  certifying  practitioner.  "  Im- 
mediate notice  should  be  given  of  all  deaths  from  in- 
fectious disease  in  fresh  localities,  and  all  groujis  of 
deaths  from  such  disease,  or  from  diarrhoea,  in  any 
localities  "  (L.G.B.  Memorandum,  dated  June,  1882). 
A  fee  of  twopence  for  each  return  and  twopence  for 
each  entry  is  payable  by  the  Authority.  Deaths 
of  non-residents  in  the  locality  must,  of  course,  be  dis- 
tinguished from  the  rest,  and  the  necessary  indications 
for  this  purpose  should  be  given  in  the  returns. 
Arrangements  must  be  made  separately  for  information 
of  the  deaths  in  distant  public  institutions  of  residents 
in  the  locality. 

Birth  returns — Returns  should  also  be  obtained 
from  the  registrars,  at  weekly,  monthly,  or  quarterly 
intervals,  of  the  births  registered  in  such  intervals; 
these  returns  should  distinguish  between  males  and 
females,  and  between  legitimate  and  illegitimate  births. 
Under  the  Notification  of  Births  Act,  which  is  in 
operation  in  most  districts  having  large  populations, 
intimations  of  births  now  reach  the  M.O.H.  earlier 
than  formerly  (see  ]).  642). 

Notification  returns.— Comiuilsory  notification  of 
certain  infectious  diseases,  voluntary  notification  of 
others,  notification  from  schools,  etc,  all  furnish  the 
Medical  Oflficer  with  information  respecting  the  oc- 
currence of  such  disease.  In  addition,  the  notification 
of  phthisis  is  now  made  from  poor  law  institutions  and 
general  institutions  under  the  Public  Health  (Tuber- 
culosis) Regulations  of  1908  and  1911. 

Returns  of  pauper  sickness.~An  order  of  the 
L.G.B.,  dated  February  12th,  1879,  requires  all 
district  and  workhouse  medical  officers  appointed 
after  February  28th,  1879,  to  furnish  the  M.O.H, 
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with  returns  of  pauper  sickness  and  deaths, 
and  to  notify  the  outbreak  of  any  dangerous 
infectious  disease.  The  same  is  required  (by  an 
order  dated  June  14th,  1879)  of  medical  officers 
of  district  schools  appointed  after  June  24th, 
1879.  The  Guardians  should  be  asked  to  instruct 
their  clerk  to  copy  from  the  district  medical  officer's 
relief  lists  the  new  cases  which  are  reported  at  each 
meeting  of  the  Guardians,  and  to  forward  the  same 
promptly  and  regularly  to  the  M.O.H.,  and  to 
instruct  the  Poor  Law  medical  officers  to  give  to  the 
M.O.H.  the  eai'liest  possible  information  of  cases  of 
dangerous  infectious  disease  under  their  charge. 

Cases  of  dangerous  infectious  diseases  occur- 
ring on  canal  boats  or  in  common  lodging-houses 
must  be  reported  to  the  M.O.H. ,  and  the  S.A. 
have  power  to  make  bye-laws  requiring  notification  of 
such  diseases  in  "tenement"  lodging-houses,  and  in 
vans  or  tents. 

Weekly  returns. — Since  Januax-y  1911  the  L.G-.B. 
have  issued  a  weekly  summary  of  notifiable  infectious 
diseases  for  the  whole  country,  which  is  sent  to  each 
M.O.H.  (in  response  to  his  fulfilment  of  Duty  No.  13 
of  Art.  XIX.,  see  p.  550). 

Maps. — -A  good  map  is  essential.  It  should  show 
the  boundaries  of  the  district,  and  of  each  of  its  sub- 
divisions (whether  parishes,  townships,  registration 
sub-districts,  special  drainage  districts,  or  other)  which 
have  a  bearing  upon  sanitary  administration,  and  also 
the  main  sewers  and  water-mains.  Maps  showing  the 
geology  of  the  district,  the  contour  lines,  and  the 
different  watersheds,  should  be  obtained,  if  possible. 
Maps  showing  the  local  distribution  of  disease  and 
mortality  have  already  been  referred  to. 

Periodical  reports,  etc, — The  annual  and  quarterly 
reports  of  the  Registrar-General  are  indispenable. 
The  annual  summaries  and  weekly  returns  deal  only 
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with  the  statistics  of  the  large  towns.  The  official 
reports  of  the  Medical  Departments  of  the  L.G.B., 
the  Board  of  Education,  and  the  Home  Office  are 
also  necessary.  Reports  of  the  inspectors  of  the 
L.G.B.  affecting  any  part  of  the  district  should, 
of  course,  be  obtained,  and  if  the  M.O.H.  be  not 
himself  also  S.M.O.  it  will  be  necessary  for  him  to 
study  the  reports  of  the  school  medical  service  for 
his  area. 

Acts  of  Parliament. — In  addition  to  any  local 
Acts  in  force  in  the  district,  and  all  the  chief  statutes 
dealing  with  public  health,  the  M.O.H.  should  be 
familiar  with  any  other  Acts  which  the  special  circum- 
stances of  his  district  may  render  important,  e.g.  the 
Alkali  Act.* 

Bye=laws  and  regulations.  —  The  bye-laws  and 
regulations  in  force  in  the  district  can  readily  be  ob- 
tained, and  are  not  less  important  than  the  preceding. 

Census  data. — The  M.O.H.  should  be  in  possession 
of  all  the  information  regarding  his  district  given  by 
each  census  taken  since  its  formation.  Arransfements 
should,  if  possible,  be  made  at  the  time  when  the  census 
IS  taken  to  obtain  a  record  of  the  particulars  regarding 
each  "  enumeration  district "  for  the  use  of  the  S.A. 

Registers. — It  is  desirable  to  keep  registers  showing 
for  each  village  or  hamlet  the  dates  and  particulars  of 
every  death,  and  of  every  notified  case  of  infections  dis. 
ease.  In  towns  this  would  take  the  form  of  a  "  street 
and  house  register."  If  cases  of  disease  as  well  as  deaths 
are  entered,  they  may  be  distinguished  by  red  ink. 
Registers  of  notified  diseases  have  already  been 
referred  to.  Registers  of  all  deaths  occurring  among 
certain  trades  will  greatly  facilitate  any  future  in- 
vestigation v.'hich  the  M,O.H.  may  have  to  make 
into  the  influence  of  those  trades  upon  mortality. 

*  Lumley's  or  Glen's  Public  Henlth  Acts,  Glen's  L.d.ll.  Snnilary  Orders 
and  the  Model  liije-laws  of  the  L.O.B.  are  valuable  for  reference 
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Tlie  seemingly  formidable  records  me]itioned 
above,  if  well  arranged  in  tlie  lirst  instance,  and 
systematically  kept,  involve  much  less  labour  than 
would  appear  at  hrst  sight.  They  are  invalualile  in 
inquiries  regarding  the  incidence  of  mortality  and 
disease  upon  any  given  locality  or  occupation,  and 
materially  simplify  the  preparation  of  the  annual 
report. 

Auxiliary  ag-eiicies. — In  addition  to  the 
routine  work  of  the  M.O.H.  there  are  many  auxiliary 
agencies  which  may  be  established  in  his  district  or 
by  his  S-A.  which  call  for  more  or  less  of  his  atten- 
tion or  will  prove  of  service  to  him  in  his  work  ;  such, 
for  example,  are  voluntary  health  societies  and  chil- 
dren's care  committees,  the  school  medical  service  and 
school  nurses,  creches,  infant  milk  depots,  "schools 
for  mothers  "  and  for  the  inculcation  of  what  is  known 
as  "mother  craft,"  bacteriological  work,  chemical 
analysis,  meteorological  stations,  insurance  data  from 
Friendly  Societies  or  otherwise,  reception  houses  for 
infectious  "  contacts,"  baths  for  cleansing  of  vermin- 
ous persons,  etc. 

Infants'  milk  depots.— Infantile  mortality  bears  a 
definite  relationship  to  {a)  the  feeding  of  infants,  (Z>)  personal 
care  of  infants  by  parents,  (c)  urban  life,  and  (d)  cerlain 
meteorological  conditions  affecting  temperature  and  the  dis- 
semination of  dust.  Other  elements  enter  into  the  problem, 
but,  so  far  as  municipal  action  is  concerned,  those  are  the 
four  main  elements.  The  problem,  in  practice,  is  largely  one 
of  polluted  milk.  The  sources  of  the  pollution  are  not  only  in 
unsatisfactory  methods  of  milking,  and  in  storing  and  conveying 
the  milk  supplied,  but  also  in  dirty  domestic  conditions,  and 
particularly  in  carelessness  in  the  use  of  feeding  bottles.  _  The 
ideal  is  breast-feeding,  and  in  respect  of  the  artificial  feeding  of 
infants  a  pure  modified  ndlk  supply  which  needs  no  steriliza- 
tion; and  towards  that  end  should  efforts  be  directed.  The 
best  possible  under  existing  conditions  involves  sterilization 
or  pasteurization,  modification,  and  protection  from  home  con- 
tamination. Such  a  milk  supplj;  should  bo  under  medical 
supervision  and  adopted  only  in  suitable  cases. 
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It  would  appear  that  there  are  five  possible  means  of  sup- 
plying a  suitable  and  pare  milk  for  infants— (1)  by  means  of 
Municipal  Milk  Depots  similar  to  institutions  at  Nancy  and 
Fecamp  ;  (2)  by  one  or  more  dairymen  undertaking  to  furnish 
such  modified  milk  (certified)  under  medical  supervision  ;  (3) 
by  obtaining  such  a  supply  from  dried  milk  ;  (4)  by  means  of 
medical  "milk  commissions,"  as  in  the  United  States;  or  (5) 
by  means  of  a  voluntary  society  supplying  such  milk  under 
necessary  supervision  and  control. 

The  French  depots  are,  broadly  speaking,  of  two  types,  the 
"  consultation  de  nourrissons,"  as  at  Nancj%  and  the  "  goutte  de 
lait,"  as  at  Fecamp.  The  latter  is  the  prototype  of  the  infants' 
milk  depots  established  in  this  country  at  Liverpool,  Finsbury, 
Battersea,  Lambeth  and  elsewhere,  to  succour  those  infants  of 
the  poor  for  whom  breast-feeding  is  practically  impossible. 
The  milk  is  modified,  pasteurized,  or  sterilized,  and  served  in 
"one-feed"  bottles,  the  amount  and  kind  of  modification 
depending  upon  the  age  of  the  infant.  The  beneficial  effect 
such  milk  depots  exert  upon  infant  mortality  has  been 
demonstrated  repeatedly.  It  is,  of  course,  essential  that  the 
milk  should  be  derived  from  healthy  clean  cows,  and  all  the 
dairying  carried  out  on  hygienic  principles. 

Schools  for  mothers. — The  personal  care  of  the  infant 
has  been  secured  by  in  cans  of  notification  of  births  and  advice 
to  mothers.  For  this  latter  purpose  schools  for  mothers  have 
been  instituted  for  consultation,  the  feeding  of  nursing 
mothers,  provident  aid,  and  instruction  in  "mother  craft." 

Bacteriological  laboratories. — The  great  value  of  early 
and  accurate  diagnosis  in  such  diseases  as  tuberculosis,  dijah- 
theria,  anthrax,  enteric  fever,  and  of  the  bacteriological  investi- 
gation of  water,  milk,  cheese,  of  sewage  and  its  effluents,  of  air, 
etc.,  has  now  become  generally  recognized,  with  the  result  that 
a  Public  Health  Department  is  not  considei-ed  fully  equipped 
unless  it  is  provided  with  facilities  for  bacteriological  research, 
either  by  establishing  a  municipal  laboratory  or  by  utilizing 
a  private  laboratory  such  as  those  in  connexion  with  hospitals 
and  medical  schools.  Facilities  should  be  provided  for  the  free 
examination  of  any  materials  from  infectious  cases  submitted 
by  medical  men. 

School  medical  service  (secp.'2oi). 

Biities  of  <>iaiiitary  iiispcctorf^. — The  work  of 
the  Sanitary  Inspector  (or  '•'  Inspector  of  Nuisances  ") 
is  closely  connected  with  that  of  the  M.O.H.,  but  the 
broad  lines  separating  tlieni  will  be  apparent  from  the 
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following  definition  of  the  inspector's  duties,  formulated 
by  the  L.G.B.,  November,  1910  :— 

1.  Subject  to  the  directions  of  the  Council,  he  shall  perform, 
under  the  general  supervision  of  the  M.O.H.,  all  the  duties 
specially  imposed  upon  an  Inspector  of  Nuisances  by  the 
Public  Health  Act,  1875,  or  by  any  other  statute  or  statutes, 
or  by  the  orders  issued  by  the  L.G.B.,  so  far  as  the  same 
apply  to  his  office. 

2.  He  shall  attend  all  meetings  of  the  Council,  or  of 
committees  of  the  Council,  when  so  required. 

3.  He  shall  by  inspection  of  his  district,  both  systematically 
at  certain  periods,  and  at  intervals  as  occasion  may  require, 
keep  himself  informed  in  respect  of  the  nuisances  existing 
thei  'ein  that  require  abatement. 

4.  On  receiving  notice  of  the  existence  of  any  nuisance 
■within  his  district,  or  of  the  breach  of  any  bye-laws  or 
regulations  made  by  the  Council  for  the  suppression  of 
nuisances,  he  shall,  as  early  as  practicable,  visit  the  spot,  and 
inquire  into  such  alleged  nuisance  or  breach  of  bye  laws  or 
regulations. 

5.  He  shall  report  to  the  Council  any  noxious  or  offensive 
businesses,  trades,  or  manufactories  established  within  his 
district,  and  the  breach  or  non-observance  of  any  bye-laws  or 
regulations  made  in  respect  thereof. 

(3.  He  shall  report  to  the  Council  any  damage  done  to  any 
works  of  water  supply,  or  other  works  belonging  to  them, 
and  also  any  case  of  wilful  or  negligent  waste  of  water 
supplied  by  them,  or  anj'^  fouling,  by  gas,  filth,  or  otherwise,  of 
water  used  or  intended  to  be  used  for  domestic  purposes. 

7.  He  shall  from  time  to  time,  and  forthwith  upon 
complaint,  visit  and  inspect  the  shops  and  places  kept  or  used 
for  the  preparation  or  sale  of  butchers'  moat,  poultry,  fish,  fruit, 
vegetables,  corn,  bread,  flour,  milk,  or  any  other  article  to  which 
the  provisions  of  the  Public  Health  Acts  in  this  behalf 
apply,  and  examine  any  animal,  carcase,  meat,  poultry, 
game,  flesh,  fish,  fruit,  vegetables,  corn,  bread,  flour,  milk,  or 
other  article  as  aforesaid,  which  may  be  therein  ;  and  in  case 
any  such  article  appear  to  him  to  be  intended  for  the  food  of 
man,  and  to  be  unfit  for  such  food,  he  shall  cause  the  same  to 
be  seized,  and  take  such  other  proceedings  as  may  be  necessarj' 
in  order  to  have  the  same  dealt  with  by  a  justice.  He  shall 
also  take  such  action  as  it  m  iy  be  necessary  for  him  to  take  by 
virtue  of  the  provisions  of  the  Public  Health  (Regulations  as  to 
Pood)  Act,  1907,  and  any  regulations  made  thereunder: 
provided  that  in  any  case  of  doubt  arising  under  this  para- 
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graph,  he  shall  report  the  matter  to  the  M.O.H.,  with  the 
view  of  obtaining  his  advice  thereon. 

8.  He  shall,  when  and  as  directed  by  the  Council,  procure 
and  submit  samples  of  food,  drink,  or  drugs,  suspected  to  be 
a  lulterated,  to  be  analysed  by  the  analyst  appointed  under  the 
Sale  of  Food  and  Drugs  Act,  1875,  and  upon  receiving  a  cer- 
tificate stating  that  the  articles  of  food,  drink,  or  drugs  are 
adulterated,  cause  a  complaint  to  be  made,  and  take  the 
other  proceedings  prescribed  by  that  Act. 

9.  He  shall  give  immediate  notice  to  the  M.O.H.  of 
the  occurrence  within  his  district  of  any  infectious  or 
epidemic  disease ;  and  whenever  it  appears  to  him  that  the 
intervention  of  such  officer  is  necessary,  in  consequence  of  the 
existence  of  any  nuisance  injurious  to  health,  or  of  any  over- 
crowding in  a  house,  he  shall  forthwith  inform  the  M.O.H. 
thereof. 

10.  He  shall,  subject  to  the  directions  of  the  Council,  attend 
to  the  instructions  of  the  M.O.H.  with  respect  to  any  measures 
which  can  be  lawfully  taken  by  an  Inspector  of  Nuisances 
under  the  Public  Health  Act,  1875,  or  under  any  other  statute 
or  statutes,  or  under  any  regulations  issued  by  the  L.G.B. 
for  preventing  the  spread  of  any  infectious  or  epidemic  disease. 

11.  He  shall  enter  from  day  to  day,  in  a  book  to  be  provided 
by  the  Council,  particulars  of  his  inspections,  and  of  the  action 
tal  ven  by  him  in  the  execution  of  his  duties.  He  shall  also 
keep  a  book  or  books,  to  be  provided  by  the  Council,  so  arranged 
as  to  form  as  far  as  possible  a  continuous  record  of  the  sanitary 
condition  of  each  of  the  premises  in  resjject  of  which  any  action 
has  been  taken  under  the  Public  Health  Act,  1875,  or  under 
any  other  statute  or  statutes,  or  under  any  regulations  issued 
by  the  L.G.B.,  and  shall  keep  any  other  systematic  records 
that  Ihe  Council  may  require. 

12.  He  shall,  at  all  reasonable  times,  when  applied  to  by  the 
M.O.H.,  produce  to  him  his  books,  or  any  of  them,  and  render 
to  him  such  information  as  he  may  be  able  to  furnish  with 
respect  to  any  matter  to  which  the  duties  of  Inspector  of 
Nuisances  relate. 

13.  He  shall,  if  directed  by  the  Council  to  do  so,  superin- 
tend and  see  to  the  due  execution  of  all  works  which  may  be 
undertaken  under  their  direction  for  the  suppression  or  removal 
of  nuisances  within  his  district, 

14.  He  shall,  if  directed  by  the  M.O.H.  to  do  so,  remove, 
or  superintend  the  removal  of,  patients  suffering  from  infectious 
disease  to  an  infectious  diseases  hospital,  and  shall  perform,  or 
superintend,  the  work  of  disinfection  after  the  occurrence  of 
cases  of  infectious  disease. 
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15.  He  shcall,  if  directed  by  the  Council  to  do  so,  act  as 
Officer  of  the  Council  as  local  authority  under  the  Diseases 
of  Animals  Acts,  1894  to  1909,  the  Canal  Boats  Acts,  1877 
and  1881,  and  under  any  Orders  or  Regulations  made  there- 
under. 

IG.  He  shall,  as  soon  as  ijracticable  after  the  31st  of  De- 
cember in  each  year,  furnish  the  M.O.H.  with  a  tabular  state 
ment  containing  the  following  particulars  :  («)  the  number  and 
nature  of  inspections  made  by  him  during  the  year ;  {h)  the 
number  of  notices  served  during  the  year,  distinguishing 
statutory  from  informal  notices  ;  (c)  the  result  of  the  service  of 
such  notices. 

17.  In  matters  not  specially  provided  for  in  this  Order, 
he  shall  observe  and  execute  any  orders  and  directions  which 
may  be  hereafter  issued  by  the  L.Q-.B.,  and  the  lawful  orders 
and  directions  of  the  Council,  applicable  to  his  office. 

The  above  statements  of  duties  of  Medical  Officers 
and  Sanitary  InsjDectors  are  general,  and  are  in- 
corporated in  "The  Sanitary  Officers  (outside  London) 
Order,  1910."  Further  details  must  be  sought  in  the 
Acts,  Orders,  Bye-laws,  and  Regulations,  and  in  the 
instructions  of  the  S.A.  affecting  these  officers.  It 
is  competent  for  the  S.A.  to  specialize  the  work  of 
Sanitary  Inspectors  (e.g.  inspection  of  meat  or  work- 
shops), or  to  appoint  women  in  that  capacity. 

In  districts  {)ossessing  a  2D02:)ulation  of  10,000,  it 
is  generally  desirable  that  a  whole-time  Sanitary 
Inspector  should  be  appointed.  In  order  to  secure 
such  an  appointment  the  following  offices  may  be 
conveniently  combined  with  that  of  Sanitary  Inspector : 
Surveyor  under  Public  Health  Act  (except  in 
districts  where  building  operations  are  yery  active). 
Inspector  under  Infant  Life  Protection  Act,  In- 
spector under  Shop  Hours  Acts,  Assistant  Officer 
under  Unsound  Food  Regulations,  Superintendent  of 
Scavenging,  etc.  It  is  not  usually  desirable  to  com- 
bine the  office  of  Surveyor  of  Highways  witli  that  of 
Sanitary  Inspector.  In  the  case  of  small  districts, 
a  combined  appointment  of  Sanitai-y  Inspector  may 
be  made. 
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Under  this  heading  it  is  proposed  to  give  a  sum- 
mary of  tlie  principal  Acts  of  Parliament  bearing 
upon  public  health  in  general,  reserving  for  con- 
sideration in  later  chapters  industrial  legislation 
and  local  bye-laws. 

As  elsewhere  in  this  volume,  S.A.  stands  for 
Sanitary  Authority,  L.G.B.  for  Local  Government 
Board,  and  M.O.H.  for  Medical  Officer  of  Health. 

Public  Health  Act,  1875.— The  whole  of 
England  and  Wales,  except  London,  consists  of  Urban 
and  Rural  Sanitary  Districts,  under  the  jurisdiction 
i-espectively  of  Urban  and  Rural  S.A.'s  (s.  5),  which, 
in  pursuance  of  the  Local  Government  Act  of  1894, 
are  now  termed  Urban  and  Rural  District  Councils. 
That  portion  of  the  area  of  a  Union  which  is  not  in- 
cluded in  any  Urban  District  constitutes  a  Rural 
Sanitary  District,  and  the  guardians  representing  that 
part  of  the  union  are  the  Rural  S.A.  (s.  9). 

Sewers,  except  certain  private  sewers,  are  vested 
in  the  S.A.  of  the  district  (s.  13).  The  S.A.  may 
purchase  (s.  U)  or  construct  (s.  15)  sewers.  They 
must  provide  such  sewers  as  are  necessary  for  effectu- 
ally d  raining  their  district  (s.  15).  Powers  are  given 
by  s.  27  for  the  treatment  and  disposal  of  sewage. 
The  sewers  must  be  so  constructed,  covered,  venti- 
lated, and  kept  as  not  to  be  a  nuisance  or  injurious 
to  health,  and  must  be  properly  cleansed  (s.  19). 

House  drainage.— If  any  house  is  without  a  suffi- 
cient drain  the  S.A.  must   require  the  owner  or 
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occupier  to  provide  a  drain,  and  may  prescribe  the 
materials,  size,  and  levels.  This  drain  must  lead  to 
the  public  sewer  if  there  be  any  within  100  feet  of 
the  site  of  the  house  ;  if  not,  to  a  covered  cesspool  in 
such  position  (not  under  a  house)  as  the  S.A.  may 
direct.  Failing  compliance,  the  Authority  may  carry 
out  the  works.  No  house  in  an  urban  district  must  be 
built  or  occupied  until  proper  covered  drains  have 
been  constructed  to  the  satisfaction  of  the  S.A.  The 
S.A.  may  make  regulations  as  to  the  mode  in  which 
connexions  between  drains  and  sewers  are  to  be 
made.  Upon  giving  due  notice,  and  complying 
with  such  regulations,  the  owner  of  any  premises 
is  entitled  to  carrv  drains  into  the  public  sewers 
(ss.  21-25). 

Excrement  and  refuse  disposal. — It  is  unlawful 
to  erect  any  house  without  a  sufficient  water-closet, 
earth-closet,  or  privy,  and  an  ashpit  with  proper  doors 
and  coverings,  and  the  same  must  be  provided  for  any 
existing  house  on  the  order  of  the  S.A.,  who  may 
require  a  separate  closet  for  each  house  (ss.  35- 
36).  The  S.A.  may  order  the  provision  of  separate 
closets  for  each  sex  in  factories  and  workshops  where 
both  sexes  are  employed  (s.  38) ;  this  applies  also  to 
above-ground  parts  of  coal-mines  if  women  and  girls  are 
employed  (Coal  Mines  Regulation  Act,  1872,  s.  74). 
The  corresponding  parts  (pit-banks)  of  metalliferous 
mines  are  factories  or  workshops.  Urban  S.A.'s  may 
provide  public  closets,  urinals,  or  receptacles  for  refuse 
(ss.  39,  45).  Every  S.A.  must  see  that  all  drains, 
closets,  ashpits,  and  cesspools  are  properly  con- 
structed and  kept  (s.  40). 

On  written  complaint  that  any  drain,  closet,  ash- 
pit, or  cesspool  is  a  nuisance,  the  S.A.  may  authorize 
their  officer  to  enter  the  premises  (alter  giving  twenty- 
four  hours'  notice,  except  in  case  of  emergency)  and 
open  the  ground  ;  if  any  defect  is  found,  the  S.A.  must 
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serve  notice  upon  the  owner  or  occupier ;  but  if  there 
be  no  defect,  the  S.A.  must  close  the  ground  and 
make  good  any  damage. 

Scavenging  and  cleansing.— The  S.A.  may,  and 

when  required  by  order  of  the  L.G.B.  shall,  them- 
selves undertake  or  contract  for  the  removal  of  house 
refuse,  the  cleansing  of  earth-closets,  privies,  ashpits, 
and  cesspools,  and  cleansing  of  streets  (s.  42). 
In  that  case  they  are  liable  to  penalty  for  any  delay 
exceeding  seven  days  after  written  notice  from  any 
householder. 

Cleansing  of  houses. — If  the  M.O.H.  or  two 

medical  practitioners  certify  that  any  house  or  part 
thereof  is  so  filthy  as  to  endanger  health,  or  that  the 
whitewashing,  cleansing,  or  purifying  thereof  would 
tend  to  prevent  infectious  disease,  the  S.A.  may  re- 
quire the  owner  or  occupier  to  cleanse,  etc.,  and  in 
his  default  may  themselves  do  what  is  necessary 
(s.  46). 

It  is  unlawful  in  an  urban  district  to  keep  swine 
in  any  dwelling-house,  or  so  as  to  be  a  nuisance,  or 
to  suffer  any  waste  water  to  remain  within  any 
dwelling-house  for  twenty-four  hours  after  written 
notice  from  the  S.A.,  or  to  allow  the  contents  of  any 
water-closet,  privy,  or  cesspool  to  overflow  or  soak 
therefrom.  In  case  of  default,  the  S.A.  must  abate 
such  nuisance  (s.  47). 

An  inspector  of  nuisances  in  an  urban  district 
may  give  notice  to  the  owner  of  any  accumulation  of 
offensive  matter,  or  to  the  occupier  of  the  premises 
whereon  it  exists,  and  if  not  removed  within  twenty- 
four  hours,  it  becomes  vested  in  the  S.A,  to  be 
disposed  of  by  them  (s.  49).  An  urban  S.A. 
may  give  public  notice  requiring  the  periodical 
removal  of  manure  or  other  refuse  matter  from 
stables  or  other  premises  and  enforce  the  same  under 
penalty  (s.  50), 
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Water  supply — Any  S.A.  may  *  construct  works 
for  supplying  any  part  of  tlieir  district  with  water  ; 
or  may  hire  or  purchase  such  works,  or  contract  for 
a  supply  (s.  51);  and  may  require  houses  to  be 
supplied  with  water  when  they  are  without  a  proper 
supply,  if  it  can  be  furnished  at  a  cost  not  exceeding 
the  water-rate  authorized  by  any  local  Act,  or  two- 
pence a  week,  or  such  other  cost  as  the  L.G.B.  may, 
upon  application,  determine  to  be  reasonable  in  the 
circumstances  (s.  62). 

Heavy  penalties  are  incurred  by  persons  pol- 
luting any  stream,  pond,  etc.,  with  gas  washings 
(s.  68),  and  a  local  authority  may  proceed  against 
anyone  polluting  any  watercourse  with  sewage 
(s.  69).  A  Justice's  order  may  be  obtained  for  the 
closing  of  a  well  or  cistern  the  water  of  which 
is  nsed,  or  likely  to  be  vised,  for  drinking  or 
domestic  jourposes,  when  the  w^ater  is  so  polluted  as 
to  be  injurious  to  health,  and  the  Court  may  cause 
the  water  to  be  analysed  at  the  cost  of  the  S.A. 
(s.  70). 

Cellar  dwellings. — No  cellar  built  or  rebuilt  since 
1848  (the  date  of  a  previous  Act)  can  be  sejDarately 
occupied  as  a  dwelling ;  nor  any  cellar  whatever, 
unless  it  comply  with  the  following  requirements : 

(a)  The  height  must  in  every  part  be  at  least 
seven  feet,  three  feet  of  which  must  be  above  the 
level  of  the  adjoining  street,  (b)  An  open  area  at 
least  2^  feet  wide  in  every  part,  and  6  in.  below  the 
level  of  the  floor,  must  extend  along  the  whole 
frontage.  It  may  be  crossed  by  steps,  but  not 
opposite  the  window,  (c)  The  cellar  must  be  drained 
by  a  drain  at  least  1  foot  below  the  floor,  (d)  There 
must  be  proper  closet  and  ashpit  accommodation,  (e) 
There  must  be  a  fireplace  and  chimney  and  (/)  a 
window  at  least  9  square  feet  in  area,  made  to  open. 
*  The  wording  here  is  permissive  ;  but  see  pp.  587-588. 
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The  window  of  a  back  cellar  let  or  occ\ipied  along 
with  a  front  cellar  need  only  be  4  square  feet  in 
area  (ss.  71-73). 

Anyone  passing  the  night  in  a  cellar  is  deemed  to 
occupy  it  (s.  74). 

Common  lodging=houses.*  —  Tlie  S-A.  are  re- 
quired to  keep  a  register  of  common  lodging-houses, 
and  to  make  bye-laws  in  respect  of  them  (ss. 
76~80).  It  is  unlawful  to  keep  a  common  lodging- 
house  unless  it  be  registered  (s.  77),  and  this  can 
only  be  done  after  it  has  been  inspected  and  ap- 
proved (s.  78).  The  keeper,  when  required,  is  to  alBx 
notice  of  reo-istration  to  the  house. 

When  the  lodging-house  is  without  a  proj)er 
supply  of  water,  and  this  can  be  furnished  at  a  reason- 
able rate,  the  S.A.  may  enforce  it  (s.  81).  The 
keeper  is  required  to  limewash  the  walls  and  ceilings 
in  the  first  week  of  April  and  October  of  every  year 
(s.  82).  The  S.A.  may  require  the  keeper  of  a 
house  in  which  beggars  or  vagrants  are  received,  to 
make  returns  of  persons  who  have  slept  there  the 
previous  night  (s,  83),  and  the  keeper  must  always 
give  notice  to  the  M.O.H.  and  to  the  Relieving 
Officer  of  any  case  of  infectious  disease  (s.  84). 

Houses  let  in  lodgings. — Any  S.A.  may  make 
bye-laws  respecting  houses  let  in  lodgings  or  occupied 
by  members  of  more  than  one  family  (s.  90, 
modified  by  s.  8  of  the  Housing  of  the  Working 
Classes  Act,  1885). 

Nuisances.— (.s.  91.)  The  following  are  nuisances. 
(1)  Any  premises  f  in  such  a  state  as  to  be  a 
nuisance  or  injurious  to  health.  (2)  Any  pool, 
ditch,  gutter,   watercourse,    privy,   urinal,  cesspool, 

*  Ij()(lKiiif<-liousos  in  wliich  persons  of  the  poorer  class  are,  received  for 
short  periods,  and,  tliouRh  strangers  to  cacli  other,  are  allowed  to  inhabit 
one  common  room.  The  term  does  not  cover  inns,  or  lodgings  let  to  the 
middle  or  upjier  classes.  In  London  tliere  are  Common  Lodging  Houses 
Acts,  18.01.;),  in  (oi-ce,  incorporating  similar  powers 

t  Including  buildinij^  or  lands, 
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drain,*  or  ashj^it,  so  foul  or  in  such  a  state  as  to  Ije 
a  nuisance  or  injurious  to  health.  (3)  Any  animal 
so  kept  as  to  be  a  nuisance  or  injurious  to  healtli. 
(4)  Any  accumulation  or  deposit  which  is  a  nuisance 
or  injurious  to  health. f  (5)  Any  house, |  or  part  of 
a  house,  so  overcrowded  as  to  be  dangerous  or  in- 
jurious to  the  health  of  the  inmates,  whether  or 
not  members  of  the  same  family.  §  (6)  Any  workshop, 
workplace,  or  domestic  factory,  not  kept  in  a  cleanly 
state,  or  not  ventilated  in  such  a  manner  as  to  render 
harmless  as  far  as  practicable  any  gases,  vapours, 
dust,  or  other  impui"ities  generated  in  the  course  of 
the  work  carried  on  therein  that  are  a  nuisance 
or  injurious  to  health,  or  so  overcrowded  as  to  be 
dangerous  or  injurious  to  the  health  of  those  em- 
ployed therein.  ||  (7)  Any  fireplace  or  furnace  which 
does  not,  as  far  as  pi-acticable,  consume  the  smoke 
arisinsr  from  the  combustible  used  therein,  and 
which  is  u.sed  for  working  engines  by  steam,  or 
in  any  manufacturing  or  trade  process  whatever ; 
and  any  chimney  (not  being  the  chimney  of  a 
private  dwelling-house)  sending  forth  black  smoke 
in  such  quantity  as  to  be  a  nuisance.** 

*  "  'Drain'  means  any  drain  of  and  used  for  the  drainage  of  one 
building  only,  or  premises  within  the  same  curtilage  .  .  .  ."  A  sewer  is  a 
drain  receiving  the  drainage  of  two  or  more  buildings. 

t  There  is  no  penalty  if  the  accumulation  or  deposit  is  necessaiy  for, 
and  has  not  been  kept  longer  than  is  necessary  for,  the  carrying  on  of  any 
business  or  manufacture,  and  if  the  best  available  means  have  been  taken 
for  preventing  injiuy  to  the  public  health. 

}  Including  schools,  and  also  workshops  and  other  buildings  in  which 
persons  are  employed.    Domestic  factories  also  are  included. 

§  It  is  customary  to  adopt  the  standards  of  the  Model  Bye-laws,  viz.  300 
cubic  feet  per  head,  counting  two  children  as  one  adult  ;  but  for  work- 
shops and  workplaces,  see  p.  6-19.  In  the  event  of  a  second  conviction  for 
overcrowding  within  three  mouths,  the  Court  may  order  the  closing  of 
the  premises  for  any  period  (s.  109).   

II  The  provisions  of  this  sub-section  apply  to  all  buildings,  incUuliiig 
schools,  factories,  and  workshops,  except  sucli  as  are  subject  t^  the 
special  provisions,  relating  to  cleanliness,  ventilation,  or  overcrowding,  of 
the  Factory  and  Workshop  Act.  „  ,  , ,  ^      ,  /-  , 

♦♦There  is  no  penalty  if  the  Court  is  satisfied  that  such  fireplace  or 
furnace  is  constructed  in  such  maimer  as  to  consume  as  far  as  practicable, 
having  regard  to  the  nature  of  the  manufacture  or  trade,  all  smoke  arising 
thercft  om"  and  that  such  fireplace  or  fui  nace  has  been  carefully  attended 
to  by  the  person  having  the  charge  thereof. 
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Later  Acts  have  extended  this  definition.  Thus  work- 
shoi3S  or  workplaces  not  kept  free  from  efiauvia  arising  from 
any  drain,  closet,  or  other  nuisance  (Factory  Act,  1901,  s.  2)  ; 
workshops  in  any  room  of  which  sufficient  ventilation  is  not 
provided  and  maintained,  or  in  which  the  processes  carried  on 
render  the  floor  wet,  and  the  floor  is  not  adequately  drained 
(Factory  Act,  s.  78— see  also  p.  645)  ;  tents  or  vans  so  filthy 
or  overcrowded  as  to  be  a  nuisance  or  injurious  to  health 
(Housing  Working  Classes  Act,  1885,  s.  9),  and  unfenced 
quarries  (Quarry  Fencing  Act,  1887,  s.  3)  or  unfenced  shafts 
of  disused  metalliferous  mines  (Metalliferous  Mines  Regula- 
tion Act,  1872,  s.  13)  within  50  yards  of  a  highway,  are 
nuisances  under  s.  91,  1875. 

Procedure  in  respect  of  nuisances. — It  is  (1)  the 

duty  of  the  S.A.  to  cause  to  be  made  from  time  to  time 
an^  inspection  of  their  district,  to  ascertain  what 
nuisances  exist,  but  (2)    the  S.A.  may  be  put  in 
motion    by  any  person   aggrieved,   or  by  any  two 
householders  or  by  any  officer  of  the  S.A.,  or  by 
tlie  Relieving  Officer,  or  by  any  officer  of  the  police. 
(3)  If  satisfied   as  to  the  existence  of  a  nuisance, 
the  S.A.  must  serve  a  notice  on  the  person  responsible, 
or  if  ^  he  cannot  be  found,  on  the  owner  or  occupier, 
requiring  him  to  abate  it,  and  to  execute  such  works 
and  do  such  things  as  may  be  necessary.     Where  the 
nuisance   ainses   from   the   want  or   defect  of  any 
structural  convenience,  or  where  there  is  no  occupier, 
■notice  must  be  served  on  the  owner.    If  the  person 
causing  the  nuisance  cannot  be  found,  and  the  owner 
or  occupier  is  not  responsible,  the  local  authority 
may  abate  the  nuisance.    (4)  If  the  person  on  whom 
the  notice  is  served  fails  to  comply,  or  if  the  nuisance 
although  abated,  is  likely  to  recur,  the  S.A.  may  apply 
to  a  Justice,  who  shall  summon  the  person  responsible 
and  may  make  an  order  requiring  compliance  or  pro- 
hibitmg  the  recurrence  of  the  nuisance,  and  directing 
the  execution  of  any  works  necessary.     The  Court 
may  further  impose  a  penalty  (ss.  92—96)  Where 
the  nuisance   is   such    as    to    render    the  liouse 
2  h 
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unfit  for  habitation;  the  Court  may  order  the  liouse 
to  be  closed,  and  may  rescind  this  by  a  fui-tlier 
order  when  satisfied  that  the  house  has  been  made 
fit  for  habitation  (s.  97).  Any  person  not  obeying 
the  order  of  the  Court,  or  failing  to  use  due  diligence, 
is  liable  to  penalty  ;  and  the  S.A.  may  carry  out 
the  order  and  charge  him  with  the  expenses  (s.  98). 
Where  the  person  responsible  for  the  nuisance  cannot 
be  found,  the  order  of  the  Court  may  be  executed  by 
the  S.A.  Any  matter  or  thing  removed  by  the  S.A. 
in  abating  any  nuisance  may  be  sold.  Where  a 
nuisance  within  a  district  is  caused  by  some  act  or 
default  beyond  its  limits,  the  S.A.  may,  nevertheless, 
institute  proceedings  (s.  108). 

Ships. — Any  ship  or  vessel  lying  in  any  water 
within  the  district  of  any  S.A.  is  subject  to  their 
jurisdiction,  as  if  it  were  a  house.*  If  in  any  other 
water,  it  is  deemed  to  be  within  such  district  as 
may  be  prescribed  by  the  Z..G.B.,  and  in  the  absence 
of  such  prescription,  then  within  the  nearest  district 
(s.  110). 

Right  of  entry  upon  private  premises.  —  The 

S.A.  and  their  officers  have  rights  of  entry  between 
9  a.m.  and  6  p.m.,  and  in  the  case  of  a  nuisance 
arising  in  respect  of  any  business,  at  any^  hour 
when  such  business  is  in  progress.  If  admission  be 
refused  a  Justice's  order  may  be  obtained  (ss.  102 
and  103). 

Offensive  trades.— It  is  illegal  to  establish  an  otten- 
sive  trade  within  the  district  of  an  urban  S.A.  with- 
out their  consent.  The  ofiTensive  trades  are  :  blood- 
boiler,  bone-boiler,  fellmonger,  soap-boiler,  tallow- 
melter,  tripe-boiler,  any  other  noxious  or  oflTensive 
trade,  business,  or  manufacture  (s.  112).    An  urban 

^  Tins  section  originally  brought  sliii«  ^f^J^'^^^i^^:^!^'^ 
Act  tl.at  relate  to  miUanccs  ou\y but        ^  1°,"^^^^^ 
1885,  extended  its  scope  to  include  also  infectious  diseases  and  liospuais 
(ss.  120,  121,  124,  125,  120,  128,  131,  132.  and  133). 


xviii]       PUBLIC  HEALTH  ACT,  1875  579 


S.A.  may  make  bye-laws  with  respect  to  such  trades 
as  have  been  established  with  their  consent,*  to 
prevent  or  diminisli  nuisance  arising  therefrom 
(s.  113).  If  the  M.O.H.,  or  two  medical  prac- 
titioners, or  ten  inhabitants,  certify  that  any  of  the 
premises  named  below  are  a  nuisance,  or  injurious 
to  health,  the  S.A.  mitst  take  proceedings  against  the 
offender,  who  is  liable  to  penalty,  unless  he  can  show 
that  he  has  used  the  besfc  practical  means  for  abating 
such  nuisance,  or  preventing  or  counteracting  such 
effluvia.  The  premises  in  question  are  :  candle-house, 
melting-house,  melting-place,  soap-house,  slaughter- 
house, any  building  or  place  for  boiling  offal  or  blood, 
or  for  boiling,  burning,  or  crushing  bones,  or  any 
manufactory,  building,  or  place  used  for  any  trade, 
business,  process,  or  manufacture,  causing  effluvia 
(s.  114).  The  same  powers  are  applicable  in  the  case 
of  nuisances  affecting  the  inhabitants  of  a  district,  but 
resulting  from  jDremises  situated  beyond  the  limits  of 
the  district. 

[As  regards  the  prohibition  (s.  112)  of  the 
establishment  of  any  given  trade  without  the  consent 
of  the  S.A.,  it  is  incumbent  upon  the  prosecuting 
authority  to  show  that  the  trade  is  either  one  of 
those  specifically  mentioned  above,  or  ejusdem 
generis  with  them;  that  is,  that  it  is  necessarily  an 
offensive  trade  apart  from  neglect  or  mismanagement. 
The  higher  Courts  have  held  that  this  is  the  case  with  rag 
and  bone  stores  for  example,  but  not  with  brick-making, 
manure  works,  or  fish-frying.  Nevertheless,  a  very 
large  number  of  trade  processes  to  which  the  above 
restriction  may  be  considered  inapplicable  will  come 
within  the  scope  of  s.  114,  if  it  can  be  shown 
that  they  are  carried  on  so  as  to  give  rise  to  efiluvium 
nuisances.] 

*  As  this  consent  only  became  necessaiy  in  1848,  the  bye-laws  can  onlv 
apply  to  trades  established  since  that  date.  ^  <vw»Lauumy 
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Unsound  food. — The  M.O.H.  or  Inspector  of 
Nuisances  may,  at  all  reasonable  times,  examine  any- 
animal,*  carcase,  meat,  poultry,  game,  flesh,  fish,  fruit, 
vegetables,  corn,  bread,  flour,  or  milk,  ex]:)ose<l  for  sale, 
or  deposited  for  the  purpose  of  sale,  or  of  preparation 
for  sale,  and  intended  for  the  food  of  man ;  and  may 
seize  the  same  if  diseased,  unsound,  or  unwholesome, 
and  take  it  to  a  magistrate,  who  may  order  it  to  be 
destroyed,  and  inflict  a  penalty  upon  the  offender. 
The  proof  that  it  was  not  intended  for  the  food  of 
man  rests  with  the  person  charged  (ss.  116,  117). 
Any  person  obstructing  is  subject  to  penalty  (s. 
118).  On  complaint  made  on  oath  a  J ustice  may  grant 
a  search  warrant  to  the  M.O.H.  or  Inspector. 

[Eggs,  butter,  cheese,  and  other  important  articles 
of  food,  are  not  mentioned  speciflcally,  and  are, 
therefore,  not  included  in  the  scope  of  the  Act.  No 
proceedings  can  be  taken  in  regard  to  articles  already 
sold.  Both  these  defects  are  avoided  in  the  Public 
Health  Acts  Amendment  Act  of  1890,  and  in  the 
Public  Health  (London)  Act,  1891.] 

Infectious  diseases.  —  Upon  the  certificate  of 
the  M.O.H.  or  other  medical  practitioner  that 
the  cleansing  and  disinfecting  of  any  house  or  part 
thereof,  and  of  any  articles  therein,  would  tend  to 
preveiit  infectious  diseases,  it  is  inciimbent  on  the 
S.A.  to  serve  notice  upon  either  the  owner  or  occupier, 
requiring  him  to  cleanse  and  disinfect.  A  penalty  is 
incurred  by  default,  and  the  S.A.  may  do  what  is 
necessary  and  recover  the  costs,  or  may  undertake 
this  duty  in  the  first  instance,  with  the  consent  of  the 
occupier,  at  their  own  cost  (s.  120).  The  S.A. 
may  destroy  infected  bedding,  clothing,  or  other  arti- 
cles, and  give  compensation  (s.  121);  may  provide 
a  disinfecting  apparatus  and  disinfect  free  of  charge 
(s.  122)  ;  may  provide  an  ambulance  and  pay  expenses 
*  Living  animals  may  be  seized  under  this  section. 
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of  conveyance  of  infectious  j)ersons  to  hospital 
(s.  123). 

Where  a  hospital  is  provided  within  convenient 
distance,  a  Justice  may,  on  the  certificate  of  a  medical 
practitioner,  order  the  removal  of  any  person  who  is 
suffering  from  any  dangerous  infectious  disorder,  and 
is  without  proper  lodging  or  accommodation,  or 
lodged  in  a  room  occupied  by  more  than  one 
family,*  or  is  on  board  any  ship  or  vessel  (s.  124). 
The  S.A.  may  make  regulations  for  removing  to 
any  available  hospital,  and  for  keeping  there  as 
long  as  necessary,  any  persons  brought  within  their 
district  bv  vessel  who  are  infected  with  a  dangerous 
infectious  disorder  (s.  125). 

It  is  unlawful  for  any  person  so  suffering  to 
expose  himself  wilfulhT^,  without  proper  precautions 
against  spreading  the  disorder,  in  any  street,  public 
place,  shop,  inn,  or  public  conveyance,  or  to  enter 
any  public  conveyance  without  previously  notifying 
to  the  owner,  conductor,  or  driver  thereof  that  he  is 
so  suffering ;  or,  being  in  charge  of  any  person  so 
suffering,  to  expose  such  sufferer,  or  to  give,  lend, 
sell,  transmit,  or  expose  without  previous  disinfec- 
tion any  bedding,  clothing,  rags,  or  other  things  which 
have  been  exposed  to  infection  from  any  such  dis- 
order ;  but  this  does  not  apply  to  the  transmission 
with  proper  precautions  of  articles  for  the  purpose 
of  having  them  disinfected  (s.  126).  The  owner 
or  driver  of  a  public  conveyance  so  used  is  required 
under  penalty  to  have  the  same  immediately  disin- 
fected, but  he  need  not  convey  any  person  so  suffering 
until  he  has  been  paid  a  sum  sufficient  to  cover  any  loss 
or  expense  incurred  by  him  (s.  127).  Any  person 
who  knowingly  lets  for  hire  any  house,  or  room,  in 
which  any  person  has  suffered  from  such  disorder, 

•  This  dotail  is  oiniUcd  as  supevflnotis  in  tlic  Loudoti  Act  of  1891 ;  but 
lodgment  in  a  tent  or  van  is  made  per  se  a  reason  for  removal.  ' 
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without  liaAdng  it  and  the  contents  disinfected  to  the 
satisfaction  of  a  medical  j)ractitioner  as  testified  V)y 
a  certificate  signed  by  him,  is  liable  to  penalty 
(s.  128).  Any  person  letting  or  offering  for  hire 
any  house,  or  part  of  a  house,  who  on  being  questioned 
as  to  the  fact  of  there  being,  or  within  six  weeks 
previously  having  been  therein,  any  person  suffering 
from  any  dangerous  infectious  disordei',  knowingly 
makes  a  false  answer  to  such  question,  becomes  liable 
to  penalty  or  imprisonment  (s.  129). 

Special  regulations  of  L.Q.B. — The  L.G.B.  may 
make  regulations  for  the  treatment  of  persons  affected 
with  cholera,  or  any  other  epidemic,  endemic,  or  in- 
fectious diseases,  and  for  preventing  the  spread  of  such 
diseases  as  well  on  the  seas,  rivers,  and  waters  of  the 
United  Kingdom,  and  on  the  high  seas  within  three 
miles,  of  the  coast  thereof,  as  on  land,  and  may 
declare  by  what  Sanitary  Authorities  such  regula- 
tions shall  be  enforced  and  executed  (s.  130).  Cholera 
Regulations  have  been  issued  under  this  section 
(p.  524). 

Furthermore,  whenever  any  part  of  England  ap- 
pears to  be  threatened  with,  or  is  affected  by,  any 
formidable  epidemic,  endemic,  or  infectious  disease, 
the  L.G.B.  may  make,  and  from  time  to  time  alter 
or  revoke,  regulations  for  any  of  the  following 
purposes,  viz.  for  the  speedy  interment  of  the  dead,  for 
house-to-house  visitation,  for  the  provision  of  medical 
aid  and  accommodation,  for  the  promotion  of  cleans- 
ing, ventilation,  and  disinfection,  and  for  guarding 
against  the  spread  of  disease;  and  may  by  order 
declare  all  or  any  of  the  regulations  so  made  to  be 
in  force  within  the  whole  or  any  part  of  the  district 
of  any  S.A.,  and  to  apply  to  any  vessels  whether 
on  inhmd  waters  or  on  parts  of  the  sea  within 
the  jurisdiction  of  the  Lord  High  Admiral  of  the 
United  Kingdom  (s.  134).    The  S.A.'s  are  requu-ed 
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to  do  everything  that  is  necessary  to  carry  out  these 
regulations. 

Hospitals. — Any  S.A.  may  build  or  contract  for 
the  use  of  hospitals  for  their  district.  Two  or  more 
S.A.'s  may  combine  for  this  purpose  (s.  131).  The 
S.A.  may  recover  from  a  patient,  who  is  not  a 
pauper,  the  cost  of  his  maintenance  (s.  132).  The 
S.A.  may  with  the  sanction  of  the  L.G.B.  them- 
selves provide  or  contract  for  a  temporaiy  supply  of 
medicine  and  medical  assistance  for  the  poor  of  their 
district  (s.  133).    {See  also  Isolation  Hospitals  Acts.) 

Mortuaries. — Every  S.A.  may,  and,  if  required  by 
the  L.G-.B.,  must,  provide  a  mortuary,  and  may  make 
byelaws  with  respect  to  its  management  and  charges 
for  its  use.  They  may  also  provide  for  the  decent 
and  economical  interment,  at  charges  to  be  fixed 
by  such  bye-laws,  of  any  dead  body  which  may 
be  received  into  a  mortuary  (s.  141).  A  Justice 
may,  on  a  certificate  signed  by  a  practitioner,  order 
to  be  removed  to  a  mortuary,  at  the  cost  of  the 
S.A.,  (1)  the  body  of  anyone  who  has  died  of 
any  infectious  disease,  and  which  is  retained  in 
a  room  in  which  persons  live  or  sleep,  or  (2)  any 
dead  body  which  is  in  such  a  state  as  to  endanger  the 
health  of  the  inmates  of  the  house  or  room  in  which  it 
is  retained.  He  may  direct  the  same  to  be  buried 
within  a  specified  time.  If  the  friends  fail  to  comply, 
it  is  the  duty  of  the  Ptelieving  Officer  to  bu.ry,  and  the 
expenses  may  be  recovered  from  the  proper  person 
(s.  142),  The  S.A.  may  provide  a  place  for  the  post- 
mortem examination  ordered  by  a  coroner. 

New  streets  and  buildings — In  urban  districts  all 
public  streets  (i.e.  those  reparable  by  the  inhabitants 
at  large)  are  vested  in  the  S.A.,  who  shall  cause  them 
to  be  levelled,  paved,  and  repaired,  as  occasion  may 
require  (s.  149).  The  owners  of  property  abut- 
ting on  any  private  street  or  part  of  a  street  may 
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be  required  by  tlie  (urban)  S.A.  to  level,  pave,  sewer, 
light,  or  make  good  such  street  or  part  of  a  street ;  and 
in  case  of  default  the  S.A.  may  carry  out  the  work 
and  recover  the  expenses  from  the  owners  accord- 
ing to  the  frontage  of  their  respective  premises 
(s.  150).  An  urban  S.A.  may  make  bye-laws  with 
regard  to  new  streets  and  buildings.  For  the  purposes 
of  the  Act  the  re-erection  of  any  building  pulled 
down  to  or  below  the  ground  floor,  or  the  conversion 
into  a  dwelling-house  of  any  building  not  originally 
constructed  for  human  habitation,  or  the  conversion 
into  more  than  one  dwelling-house  of  a  building 
originally  constructed  as  one  dwelling-house  only, 
shall  be  considered  the  erection  of  a  new  building 
(s.  159). 

Dangerous  structures* — The  surveyor  of  an  urban 
S.A.,  if  satisfied  that  any  building  or  wall  is  in  a 
ruinous  state  so  as  to  be  dangerous  to  passengers  or 
to  the  inmates  of  neighbouring  houses,  shall  cause 
a  fence  to  be  put  up,  and  shall  order  the  owner  forth- 
with to  secure  or  pull  down  such  building ;  and  in 
default  thereof  the  surveyor  may  obtain  a  Justice's 
order  to  carry  out  the  necessary  works,  and  may 
recover  the  expenses.  (Towns  Improvement  Clauses 
Act,  ss.  75-78,  incorporated  with  the  Public  Health 
Act  by  s.  160  of  the  latter.) 

Rain-pipes  and  eaves-gutters.— An  urban  S.A. 
may  compel  the  owner  of  any  building  adjoining  or 
near  to  a  street  to  provide  within  seven  days  efficient 
eaves-gutters  and  rain-pipes.  (Towns  Improvement 
Clauses  Act,  s.  74;  Public  Health  Act,  s.  160.) 

Slaughter-houses — An  urban  S.A.  may  ])rovide 
abattoirs  or  slaughter-houses,  and  if  they  do  so  must 
make  bye-laws  with   resj^ect   to   management  and 

*  These  and  sonic  of  the  following  provisions  are  not  to  be  found  in  Ihe 
text  of  the  Public  Healtli  Act,  but  in  the  incorporated  portion  of  the 
Towns  Iniproveiuent  Clauses  Act. 
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charges  (s.  169).  They  may  also  license  slaughter- 
houses and  knackers'  yards,  and  without  their 
licence  no  place  shall  be  used  for  such  purposes 
which  was  not  so  used  at  the  time  of  the  passing  of  the 
Act,  i.e.  in  1875.  Every  place  used  as  a  slaughter- 
house or  knacker's  yard  shall  be  registered  by  the 
owner  or  occupier  in  a  book  kept  by  the  S.A. 
An  urban  S.A.  must  make  bye-laws  in  regard  to 
slaughter-houses  and  knackers'  yards.  If  any  person 
is  convicted  of  killing  or  dressing  any  cattle  contrary 
to  the  jaro visions  of  the  Public  Health  Act,  or  of  the 
non-observance  of  any  of  the  bye-laws  or  regulations 
made  under  this  Act,  the  Justices  before  whom  he  is 
convicted  may  suspend  the  licence  for  two  months  or 
less,  and  in  the  event  of  a  second  offence  may  revoke 
the  licence.  (Sections  125 — 130  Towns  Improve- 
ment Clauses  Act,  incorporated  in  the  Public  Health 
Act  by  virtue  of  s.  169.) 

A  legible  notice  bearing  the  words  Licensed 
Slaughter- House  or  Registered  Slaughter-House  must 
be  attached  and  maintained  in  some  conspicuous  place 
on  every  registered  slaughter-house  by  the  owner  or 
occupier  (s.  170). 

Combination  of  sanitary  authorities  for  appoint- 
ment of  M.O.H. — The  L.G.B.  may  (compulsorily  or 
otherwise)  unite  two  or  more  districts  situated  Avholly 
or  partially  in  the  same  county,  for  the  purpose  of 
appointing  a  M.O.H. ;  but  no  urban  district  with 
more  than  25,000  inhabitants  shall  be  included  with- 
out the  consent  of  the  S.A.,  and  in  the  event  of  any 
S.A.  objecting  to  being  included,  the  L.G.B.  can 
only  include  their  district  by  means  of  Provisional 
Order  subject  to  confirmation  by  Parliament  (s.  286). 

A  S.A.  may  delegate  all  or  any  of  its  powers  to  a 
coinuiittee  of  its  own  members  (ss.  200  and  201); 
and  a  rural  authority  may  form  parochial  committees 
consisting  wholly  or  partially  of  its  own  members,  and 
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may  give  to  such  committees  cei-tain  limited  sanitai-y 
functions  (s.  202).  {See  under  Loc.  Govt.  Act,  p.  001.) 
Urban  powers  for  rural  districts. — The  L.G.B. 

may  give  to  a  rural  S.A.,  as  regards  the  whole  or  part 
of  their  area^  any  powers  and  responsibilities  conferred 
by  this  Act  upon  urban  S.A.'s  (s.  276). 

Special  drainage  districts. — A  rural  S.A.  may, 
with  the  consent  of  the  L.G.B.,  constitute  any  portion 
of  their  area  a  special  drainage  district  for  the  purpose 
of  charging  thereon  exclusively  the  exjjenses  of  works 
of  sewerage,  water  supply,  or  other  works  which  may 
be  declared  by  the  L.G.B.  to  be  special  expenses,  and 
thereupon  such  ai-ea  shall  become  a  separate  cotiiribu- 
tory  place  (s.  277).  The  S.A.  have  also  power  to 
declare  expenses  which  they  have  incurred  to  be 
private  improvement  ex])enses,  and  to  charge  a  special 
private  improvement  rate  in  respect  thereof  upon  the 
estate  benefited  (ss.  213  and  232). 

Union  of  districts  for  sanitary  purposes, — Joint 
boards  may  be  formed,  by  order  of  the  L.G.B.,  for 
the  purpose  of  water-supply  or  sewerage,  or  for  other 
purposes  of  the  Public  Health  Act,  as  applied  to  a 
district  comprising  the  whole  or  parts  of  two  or  more 
sanitary  districts  (s.  279).  Under  this  section  joint 
Hospital  Boards  may  be  formed. 

Default  of  S.A. — If  satisfied,  after  due  inquiry, 
that  any  S.A.  have  made  default  in  providing  or  main- 
taining sewers,  or  in  providing  and  maintaining  a 
supply  of  pure  water,*  or  in  enforcing  any  provisions 
of  the  Public  Health  Act  Avhich  it  is  their  duty  to 
enforce,  the  L.G.B.  shall  make  an  order  limiting  a 
time  for  the  performance  of  their  duty  in  the  matter. 
If  such  duty  is  not  performed  in  the  time  allowed, 
the  order  may  either  be  enforced  by  writ  of  mandamus, 

*  "  In  cases  wlicru  danger  arises  to  tlie  huallli  of  tlic  inhabitants  from 
the  insufficiency  or  nnwholeaomeness  of  the  existing  sujiply  of  water,  and 
a  proper  supply  can  bo  got  at  a  reasonable  cost." 
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or  the  L.G.B.  may  appoint  some  person  to  perform 
the  work,  and  charge  all  expenses  to  the  authority  in 
default  (s.  299). 

[The  7th  section  of  the  Housing  of  the  Working 
Classes  Act,  1885,  has  a  wider  scope.] 

Port  Sanitary  Authority.— The  L.G.B.  may,  by 
order,  constitute  any  S.A.  whose  district  abuts  upon 
any  port  in  England  the  S.A.  for  the  whole  or  for  any 
part  of  such  port.  The  Board  may  also  combine  two 
or  more  riparian  authorities  for  the  purpose  ;  or  may 
constitute  one  Port  S.A.  for  any  two  or  more  ports. 
The  Authority  may  be  constituted  permanently  or 
temporarily.  The  order  constituting  the  Authority 
may  assign  to  it  any  of  the  powers  or  duties  of  an 
urban  S.A.  so  far  as  applicable  to  a  Port  S.A.,  and 
to  A^essels,  waters,  or  persons  within  its  jurisdiction 
— namely,  under  ss.  91 — 111  (nuisances),  120  — 
133  (infectious  diseases  and  hospitals),  131 — -138 
(prevention  of  epidemic  diseases),  141 — 112  (mortu- 
aries), 182—186  and  188  (bye-laws),  189  (appoint- 
ment of  M.O.H.  and  inspector  of  nuisances),  and 
other  sections.* 

The  PiitolBC  llcnitli  (Water)  Act,  18'S'§,  applies 
to  every  rural  S.A.,  and  also  to  such  urban  S.A.'s 
as  the  L.G.B.  may  order  (ss.  3  and  11).  Every 
rural  S.A.  shall  see  that  every  occupied  dwelling- 
house  within  their  distiict  has,  within  reasonable 
distance,  an  available  and  sufficient  supply  of  whole- 
some water.  If  the  M.O.H.  reports  that  an  occupied 
house  is  without  such  supply,  and  the  S.A.  are  of 
opinion  that  such  a  supply  can  be  provided  at  a 
reasonable  cost  (the  interest  on  which,  at  5  per  cent., 

*  Tlic  powers  and  duties  of  a  Port  S.A.  and  its  officers  consist  primarily 
of  Iho.'io  conferred  bysiicli  of  tlio  specified  portions  of  the  Public  Healtli 
Act  as  the  particular  Order  may  decide.  They  are  extended  by  tlie 
Cholera  Rej^ulations  (]).  521),  and  the  Orrler  prescribing  the  duties  of 
tlie  I'ort  M.O.H,  A  ship  comos  within  the  definition  of  "house"  for 
many  purposes. 
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shall  not  exceed  2d.  or  3d.  per  week,  as  the  L.6.B. 
may,  on  the  application  of  the  S.A.,  determine  to 
be  reasonable  in  the  circumstances),  the  S.A.  may 
require  the  owner  (subject  to  appeal  to  the  L.G.B.") 

to  provide  such  supply  within  a  specified  time,  and, 
in  case  of  default,  may  themselves  carry  out  the 
necessary  works  at  his  expense.  It  remains,  how- 
ever, the  duty  of  the  S.A.  to  provide  any  part  of 
their  district  with  a  sujjply  of  water,  in  cases  where 
danger  arises  to  the  health  of  the  inhabitants  from 
the  insufficiency  or  unwholesomeness  of  tlie  existing 
supply,  and  a  general  scheme  of  supply  is  required, 
and  can  be  got  at  a  reasonable  cost  (s.  3). 

The  owner  of  any  dwelling-house  in  a  rural  district 
that  may  be  erected  or  rebuilt  from  the  ground-floor 
after  the  date  of  this  Act  shall  not  permit  such  house 
to  be  occupied  without  a  certificate  from  the  S.A. 
that  it  is  provided  with  a  sufficient  and  available 
supply  of  wholesome  water,  such  certificate  to  be 
based  on  the  report  of  the  M.O.H.  or  inspector 
(s.  6).  If  the  S.A.  provide  a  stand-pipe  for  water- 
supply,  they  may  levy  water  charges  upon  every  dwell- 
ing within  200  feet,  as  if  the  supply  were  given  on 
the  premises  ;  not,  however,  upon  such  houses  as  have 
a  good  supply  within  reasonable  distance,  from  another 
source,  unless  water  from  the  stand-pipe  is  used  by 
the  inmates  (s.  9). 

Every  rural  S.A.  must,  through  their  officers  or 
otherwise,  provide  for  the  periodical  inspection  of  the 
water-supply  of  their  district.  The  same  powers  of 
entry  upon  premises  ai'e  given  as  are  conferred  by 
ss.  102  and  103  of  the  Public  Health  Act,  1875,  in 
respect  of  nuisances  (s.  7). 

The  Public  llealtli  Act,  1896,  repeals  the 
old  Quarantine  Act  of  1825,  and  extends  the  powers 
of  the  L.G.B.  to  make  Orders  under  ss.  130  and 
134:  of  the  1875  Act,  dealing  with  epidemic,  endemic, 
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or  infectious  diseases.  Accordingly  {see  p.  524), 
regulations  as  to  cholera,  yellow  fever,  and  plague 
were  issued  in  an  Order  dated  1896  and  renewed 
SeiDtember  9th,  1907. 

The  PiibSic  Health  (Ports)  Act,  1§96, 
enables  the  L.G.B.  to  issue  orders  making  all  or 
any  of  the  provisions  of  the  Infectious  Diseases 
Prevention  Act,  1890,  applicable  to  any  Port 
Sanitary  Authority. 

The  Public  Health  Acts  Ameiidiiient  Act, 
1890,  is  an  "  adoptive  "  Act,  of  which  Part  III.  is  con- 
cerned with  sanitary  matters.  Urban  S.A.'s  may  by 
resolution  adopt  any  part  of  the  Act ;  rural  Authorities 
can  adopt  those  powers  which  are  not  expressly 
limited  to  urban  districts,  and  as  regards  the  rest,  can 
apply  to  the  L.G.B.  for  full  urban  powers  in  the  same 
manner  as  under  the  1875  Act. 

The  following  are  the  chief  provisions  of  Part  iii. 
Sewers. — It  is  unlawful  to  pass  into  any  drain  or 
sewer  (a)  any  substance  which  may  injure  it  or  impede 
the  flow  of  its  contents  ;  or  (6)  any  chemical  refuse,  or 
waste  steam,  or  water  or  other  liquid  heated  above 
110°  F.,  which  either  alone  or  in  combination  with 
sewage  causes  a  nuisance  or  is  dangerous  to  health. 

Closets,  etc. — Where  any  sanitary  convenience  is 
used  in  common  by  the  occupants  of  two  or  more 
houses,  any  person  fouling  or  injuring  it  is  liable  to 
penalty  ;  and  if  nuisance  arises  from  want  of  cleanli- 
ness of  any  part  of  it  or  of  the  approaches,  each  of  the 
persons  having  the  right  of  use  is  liable  to  penalty,  in 
the  absence  of  proof  as  to  which  of  them  is  in  default. 
Sufficient  and  suitable  sanitary  conveniences  must 
be  provided  in  all  factories  and  woi'kshops ;  with 
separ-ate  accommodation  for  each  sex,  where  persons  of 
both  .sexes  are  employed  (s.  22). 

By e= laws — Urban  S.A.'s  may  make  byedaws 
respecting  public  sanitary  conveniences  provided  by 
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them.  Section  157  of  the  1875  Act  is  extended  so  as 
to  enable  any  urban  S.A.  to  make  further  bye-laws 
coijcerning  new  buildings,  upon  the  following  points  : 
(«)  adequate  water  supply  to  closets  ;  (b)  construction 
of  floors,  hearths  and  staircases ;  (c)  height  of  rooms 
intended  for  habitation ;  (d)  paving  of  yards  and  open 
spaces  in  connexion  with  houses ;  (e)  provision  of 
secondary  approaches  to  houses,  for  the  purpose  of  re- 
moving refuse.  It  is  further  provided  that  bye-laws 
respecting  closets  and  drainage  may  be  made  appli- 
cable to  old  as  well  as  new  houses.  Similar  power 
of  framing  byelaws  respecting  buildings  (under 
s.  157  as  amended)  is  given  to  rural  S.A.'s,  but  with 
certain  exceptions.  [Apart  from  this  the  L.G.B. 
can,  as  already  stated,  grant  full  urban  powers  to 
rural  Authorities.]  Any  S.A.  may  make  bye-laws  to 
prevent  buildings  erected  in  accordance  with  bye-laws 
from  being  altered  in  such  a  way  that  if  at  first  so 
constructed  they  would  have  contravened  the  bye-laws. 

An  urban  S.A.  may  make  bye-laws  respecting  the 
carriage  through  the  streets  of  offensive  matter  or 
liquid,  prescribing  (a)  certain  hours  for  such  removal, 
(b)  proper  construction  and  covering  of  the  rece])tacle 
used  for  the  removal,  and  (c)  the  cleansing  of  any 
place  fouled  by  matters  dropped  or  spilled. 

Any  S.A.,  themselves  undertaking  or  contracting 
for  the  removal  of  house-refuse,  may  make  bye-laws 
imposing  upon  the  occupier  duties  in  connexion  with 
such  removal. 

Polluted  sites. — No  new  building  may  be  erected 
upon  ground  impregnated  with  animal  or  vegetable 
matter,  or  upon  which  such  matter  has  been  deposited, 
unless  such  matter  has  been  properly  removed  or  has 
become  innocuous.  If  (in  an  urban  district)  any  por- 
tion of  a  room  is  immediately  over  any  privy  (not 
being  a  water-closet  or  earth-closet),  cesspool,  midden, 
or  ash-pit,  it  is  illegal  to  occupy  it,  or  suffer  it  to  be 
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occupied,  as  a  dwelling-place,  sleeping-place,  work- 
room, or  place  of  business. 

Cleansing  of  common  passages — If  in  an  urban 
district  any  private  court  or  passage,  leading  to  the 
back  of  several  buildings  separately  occupied,  is  not 
regularly  and  effectually  swept  and  kept  clean,  the 
S.A.  may  cause  it  to  be  swept  and  cleaned,  and  re- 
cover the  expenses  from  the  occupiers. 

Pollution  of  streams  by  solid  refuse — It  is  for- 
bidden to  tlirow  or  place  ....  in  any  ....  water- 
course within  any  district  in  which  this  part  of  this 
Act  is  adopted,  any  cinders,  ashes,  bricks,  stone,  rub- 
bish, dust,  filth,  or  other  matter  which  is  likely  to 
cause  annoyance." 

Food.— Sections  116—119  of  the  1875  Act  are  ex- 
tended so  as  to  apply  to  "  all  articles  intended  for  the 
food  of  man,  sold  or  exposed  for  sale,  or  deposited  in 
any  place  for  the  purpose  of  sale,  or  of  preparation  for 
sale."  A  Justice  may  condemn  any  such  article  and 
order  it  to  be  destroyed,  if  satisfied  that  it  is  diseased, 
unsound,  unwholesome,  or  unfit  for  the  food  of  man, 
even  if  it  has  not  been  formally  seized  under  s.  116. 

Slaughter-houses. — Licences  granted  after  the 
adoption  of  this  Act  are  to  remain  in  force  only  for 
such  period,  not  being  less  than  a  year,  as  the  S.A. 
shall  specify  in  the  licence.  Every  change  of  occupa- 
tion of  a  licensed  slaughter-house  must  (under  penalty) 
be  notified  in  writing  to  the  inspector  of  nuisances ; 
and  notice  of  this  requirement  must  be  endorsed  on 
all  new  licences.  If  the  occupier  of  any  licensed 
slaughter-house  is  convicted  under  ss.  116 — 119  of  the 
1875  Act,  the  Court  may  revoke  the  licence. 

Common  lodging-houses. — A  penalty  is  imposed 
upon  tlie  keeper  if  he  fails  to  give  notice  of  any  case 
of  infectious  disease,  as  required  by  s.  84  of  the  1875 
Act  (p.  575). 

The  Act  does  not  apply  to  London. 
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The  Piil>li4;  Hoaltli  Acts  AiiioiKlinciit  Act, 
1907,  is  also  an  "  adoi^tive  "  Act  iu  the  sense  tiiat 
S.A.'s  may  apply  to  the  Ii.G.E.  to  make  an  Order 
for  its  enforcement  as  regards  Parts  i. — vi.  The 
Act  does  not  apply  to  London.  Parts  vii.  (Police), 
VIII.  (Fire  Brigade),  and  ix.  (Sky  Signs)  are  en- 
forceable by  the  Home  Secretary.  Part  i.  deals  with 
the  genei-al  aj^plication  of  the  Act.  Part  ii.  concerns 
streets  and  buildings,  and  provides  for  deposit  of 
plans,  means  of  access,  repairs,  enclosing  dangerous 
places,  fencing  lands,  renaming,  temporary  buildings, 
etc.  The  only  strictly  sanitary  clause  in  this  Part  is 
for  the  effectual  paving  and  drainage  of  subsoil  or 
surface  of  yards  of  dwelling-houses. 

Part  III.  contains  the  chief  sanitary  provisions. 
S.  35  adds  to  the  nuisances  enumerated  in  the  Public 
Health  Act,  1875,  any  cistern  used  for  the  supply  of 
water  for  domestic  purposes  so  placed,  constructed,  or 
kept  as  to  render  the  water  therein  liable  to  con- 
tamination likely  to  cause  risk  to  health  ;  any  gutter, 
drain,  shoot,  stack-pipe  so  defective  as  to  cause 
dampness  to  a  building ;  and  any  deposit  of  material 
in  or  on  any  building  or  land  whicli  shall  cause  a 
dampness  dangerous  or  injurious  to  health.  Rain- 
water pipes  must  not  be  used  as  soil  pipes  (s.  36),  nor 
must  water  or  stack  pipes  be  used  as  ventilating 
shafts  (s.  37).  S.  39  deals  with  the  provision  of 
sufficient  and  proper  water-closet  and  slop-closet 
accommodation  in  new  and  old  buildings,  and  power 
is  given  to  S.A.'s  to  require  the  provision  of 
urinals  to  public-houses  and  similar  establishments. 
On  report  of  defective  or  suspicious  drainage,  tests 
may  be  applied  (except  the  water  test)  subject  to 
consent  of  owner  or  occupier,  or  by  order  of  a  court 
of  summary  jurisdiction,  and  pi-ovision  is  made  for 
filling  up  old  cesspools.  The  S.A.  may  provide  and 
maintain  public  sanitaiy  conveniences  in  or  under 
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streets.  By  s.  48  the  Authority  must  remove  trade 
refuse  if  I'equired  by  owners  or  occupiers  so  to  do. 

Various  new  powers  are  given  in  Part  IV.  as  to 
infectious  diseases.  If  any  person  knows  that  he  is 
suffering  from  an  infectious  disease  he  may  not  engage 
in  any  industrial  occupation  unless  he  can  do  so 
without  risk  of  spreading  infection.  If  the  M.O.H. 
certifies  to  the  S.A.  that  milk  is  suspected  of  con- 
veying infection,  the  S.A.  may  i^equire  the  dairyman 
to  furnish  a  list  of  sources  of  his  milk  supply,  for 
which  he  shall  be  paid  sixpence  for  every  25  names. 
Every  dairyman  shall  notify  to  the  S.A.  the  occurrence 
of  all  cases  of  infectious  disease  among  his  servants. 
Infected  clothes  may  not  be  sent,  unless  disinfected, 
to  a  public  laundry.  S.  57  provides  that  no  child 
suffering  from  infectious  disease  or  who  has  been 
exposed  to  infection  shall,  after  notice  from  the 
M.O.H. ,  be  sent  to  school  without  a  certificate  from 
the  M.O  H.,  and  if  the  S.A.  require  it  the  head 
teacher  of  a  school  shall  furnish  (for  6d.  per  25 
names)  a  complete  list  of  the  names  and  addresses  of 
the  scholars  in  a  school  in  which  any  scholar  is 
suffeinng  from  an  infectious  disease.  Persons  suffering 
from  infectious  diseases  shall  not  use  any  book  from 
a  public  library  or  enter  any  public  vehicle,  in  the 
latter  case  both  patient  ancl  driver  being  held 
responsible.  If  any  public  vehicle  be  so  used  it  must 
be  disinfected.  Extended  powers  for  cleansing  and 
disinfecting  premises  ai^e  also  given  ;  for  the  manage- 
ment of  common  lodging-houses  ;  for  the  provision  of 
recreation  grounds ;  for  policing  streets ;  for  fire 
brigades  ;  and  sky  signs. 

The  Infectious  Diseases  Prevention  Act, 
1§90,  is  another  adoptive  or  optional  Act ;  and  any 
extra-metropolitan  S.A.  may  by  resolution  adopt  all 
or  any  of  its  sections,  and  may  by  further  resolution 
rescind  them.    For  London  its  leading  provisions  are 
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contained  in  the  Public  Healtli  (London)  Act.  Tlie 
infectious  diseases  to  which  this  Act  applies  are  those 
specified  in  (or  added  to)  the  Infectious  Diseases  Noti- 
fication Act.   The  principal  provisions  are  as  follows  :  — 

Milk  supplies. — If  the  M.O.H.  has  reason  to  be- 
lieve that  the  consumption  of  milk  from  any  dairy* 
(within  or  without  his  district)  has  caused  or  is  likely 
to  cause  infectious  disease  to  any  person  residing  in 
the  district,  he  may  (if  authorized  by  a  Jvistice  having 
iurisdiction  in  the  place  where  the  daiiy  is  situate) 
inspect  the  dairy.  He  may  further,  if  accompanied 
hj  a  veterinary  surgeon,  inspect  the  animals  therein. 
If  after  inspection  he  is  of  opinion  that  infectious  dis- 
ease is  caused  by  consumption  of  the  milk,  he  must 
report  to  the  S.A.,  forwarding  also  any  report  fur- 
nished to  him  by  the  veterinarj'^  surgeon.  The  S.A. 
may  then  give  not  less  than  24  hours'  notice  to  the 
dairyman  to  appear  befoi-e  them,  and  show  cause  why 
the  supjDly  of  the  milk  in  their  district  should  not  be 
prohibited.  If  in  their  opinion  he  fails  to  show  such 
cause,  they  may  order  accordingly,  and  must  give 
liiotice  of  the  facts  to  the  S.A.  and  the  County  Council 
of  the  district  in  which  the  dairy  is  situate,  and  to  the 
L.G-.B.  The  order  must  be  forthwith  withdrawn  on 
the  S.A.  or  the  M.O.H.  being  satisfied  that  the  milk 
sup]:)ly  has  been  changed,  or  that  the  cause  of  infection 
has  been  removed.  Penalties  are  provided  for  con- 
travention of  this  section  of  the  Act. 

Disinfection.— Where  the  M.O.H.  or  any  regis- 
tered medical  practitioner  certifies  that  the  cleansnig 
and  disinfection  of  any  house,  or  part  thereof,  and  of 
anv  articles  therein,  would  tend  to  prevent  infection, 
the  S.A.  may,  after  24  hours'  notice  to  the  owner  or 
occupier,  proceed  to  carry  out  such  disinfection  or 

*  Including  any  farm,  farnihouse,  cowshed,  inilk  store,  inilk-shop  or 
c,tl>er  place  frSiu  which  milk  is  supplied  or  in  wluch  it  is  kept  for  the 
purposy  of  sale. 
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cleansing,  nnless  within  that  time  he  informs  tlie 
S.A.  tliat  he  will,  within  a  period  fixed  in  the  notice, 
himself  carry  out  the  work  to  the  satisfaction  of  the 
M.O.H.  If  he  fail  to  do  this  within  the  specified 
period,  it  is  to  be  done  by  the  oflficers  of  the  S.A., 
under  the  superintendence  of  the  M.O.H.,  and  the 
expenses  may  be  recovered.  Power  of  entry  between 
10  a.m.  and  6  p.m.  is  given  for  the  purposes  of  this 
section.  Where  the  section  is  adopted,  the  120th 
section  of  the  Public  Health  Act,  1875,  is  repealed. 

The  S.A.  may,  by  written  notice,  require  (under 
penalty)  any  infected  clothing  or  other  articles  to  be 
delivered  to  their  officer  for  disinfection.  The  S.A. 
must  take  away,  disinfect,  and  return  such  articles 
free  of  chai'ge,  and,  in  the  event  of  any  unnecessary 
damage,  must  compensate  the  owner. 

Any  person  who  shall  cease  to  occupy  any  house 
or  room  in  which  any  person  has,  within  six  weeks, 
been  suffering  from  any  infectious  disease  (a)  must 
have  such  house  or  room  (and  all  articles  therein 
liable  to  retain  infection)  disinfected  to  the  satisfac- 
tion of  a  registered  medical  practitioner,  as  testified 
by  a  certificate  signed  by  him  ;  (b)  must  give  to 
the  owner  notice  of  the  previous  existence  of  such 
disease  ;  and  (c)  must  not  knowingly  make  a  false 
answer  when  questioned  by  the  owner,  or  by  any 
person  negotiating  for  the  hire  of  the  house  or  room, 
as  to  there  having,  within  six  weeks  previously,  been 
therein  any  person  suffering  from  any  infectious 
disease.  Penalties  are  provided  in  each  case.  The 
S.A.  must  give  notice  of  the  provisions  of  this 
section  to  the  occupier  of  any  house  in  which  they 
are  aware  there  is  a  person  suffering  from  an  infec- 
tious disease. 

Prompt  interment. — The  body  of  a  person  who 
has  died  of  any  infectious  disease  must  not,  without  a 
certificate  from  the  M.O.H,  or  a  registered  medical 


596 


SANITARY  LAW  [chap. 


practitioner,  be  retained  for  more  than  48  hours  else- 
where than  in  a  mortuary,  or  in  a  room  not  used  at  tlie 
time  as  a  dwelling-place,  sleeping-place,  or  workroom. 
In  such  cases,  and  also  where  any  corpse  is  retained  in 
a  building  so  as  to  endanger  the  health  of  the  inmates, 
a  Justice  may,  upon  the  application  of  the  M.O.H., 
order  the  body  to  be  removed  by  the  S.  A.  to  a  mortuary, 
and  to  be  buried  within  a  specified  time.  Unless  the 
friends  undertake  to  bury,  and  do  bury  within  the 
specified  time,  the  relieving  officer  must  do  so.  The 
body  of  any  person  who  has  died  from  infectious  disease 
in  a  hospital  must  not  be  removed  except  for  imme- 
diate interment  or  to  a  mortuary,  if  the  M.O.H.  or 
a  registered  practitioner  certify  that  such  restriction 
is  desirable  for  preventing  infection.  The  body  of  any 
l^erson  who  has  died  from  an  infections  disease  must 
not  be  conveyed  in  any  public  conveyance  (other  than 
a  hearse)  without  due  warning  to  the  owner  or  driver, 
who  must  foi"tliwith  provide  for  disinfection. 

Detention  in  hospital. — Any  person  suffering  from 
any  infectious  disease,  and  being  an  inmate  of  a 
hospital  for  infectious  diseases,  and  who  upon  leaving 
would  be  without  accommodation  in  which  due  pre- 
cautions could  be  taken  against  the  spread  of  infection, 
may,  by  order  of  a  Justice,  be  detained  in  hospital  (at 
the  cost  of  the  S.A.)  for  any  specified  period,  and  such 
period  may  be  extended  as  often  as  necessai\y. 

The  S.A.  shall  provide  free  temporary  shelter, 
with  any  necessary  attendance,  for  the  members  of 
any  family  in  which  infectious  disease  has  appeared, 
who  have  to  leave  their  dwellings  to  allow  of  dis- 
infection by  the  S.A. 

Infectious  rubbish  must  not  be  thrown  into  any 
receptacle  for  refuse  without  previous  disinfection. 
Notice  of  this  prohibition  must  be  served  by  the  S.A. 
upon  the  master  of  any  house  in  which  there  is  any 
gase  of  dangerous  infectious  disease, 
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The  Isolation  Hospitals  Act,  1893,  gives  to 
County  Councils  limited  power  to  secure  the  provision  of 
isolation  hospitals  in  their  various  counties.  It  apjDlies 
to  England  and  Wales  generally,  but  not  to  London  or 
to  any  county  borough ;  other  boroughs  also  are 
exempt,  except  by  Order  of  the  Ib.G-.B.,  if  the  popu- 
lation be  less  than  10,000  (according  to  the  latest 
census),  or  by  consent  of  the  corporation  if  the  popu- 
lation be  10,000  or  moi-e. 

A  hospital  district  may  consist  of  one  or  more 
local  areas;  a  "local  area"  includes  an  urban  or 
rural  sanitary  district,  or  any  "contributory  place," 
and  is  constituted  by  Order  of  the  County  Council, 

Procedure — The  County  Council  may  take  the 
initiative  by  directing  their  M.O.H.  to  report  as  to 
the  hospital  requirement  of  any  part  of  their  county, 
and  acting  upon  his  report;  but  they  may  also  be 
set  in  motion  by  a  petition  from  any  local  authority, 
or  from  twenty-hve  ratepayers  in  any  contributory 
place.  The  next  step  is  for  the  County  Council  to 
hold  a  local  inquiry,  after  which  they  make  an 
Order  constituting  the  hospital  district  and  defin- 
ing its  extent.  No  local  area  can  be  included  in  a 
hospital  district  without  the  consent  of  its  local 
authority,  if  it  already  has  (in  the  judgment  of  the 
County  Council)  adequate  accommodation  ;  nor  must  a 
hospital  district  be  formed  for  one  local  area  only,  or 
for  one  or  more  local  areas  within  the  same  rural 
sanitary  district,  without  the  consent  of  the  S,A., 
unless  the  County  Council  are  satisfied  that  the  S.A. 
are  unable  or  unwilling  to  make  suitable  provision 
for  the  purpose.  The  Order  constitutes  a  hospital 
committee,  consisting  of  local  representatives,  but  if  a 
grant  be  made  out  of  county  funds  the  committee 
nuiy  consist  wholly  or  in  part  of  county  councillors. 
The  Order  further  gives  the  committee  power  to 
provide  and  maintain  a  hospital ;  and  apart  from  this 
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they  are  authorized  by  the  Acb  to  make  temporary 
arrangements  for  isolation,  and  to  establish  district 
hospitals  in  cottages  or  small  buildings.  They  may 
also  (subject  to  any  regulations  made  by  the  Comity 
Council)  undertake  the  training  of  nurses,  and  may 
charge  for  their  attendance  outside  the  hospital. 
Every  hospital  is  to  be  provided  witli  one  or  more 
ambulances,  and  must,  if  practicable,  be  "in  con- 
nexion with  the  .system  of  telegraphs." 

The  County  Council  have  the  power  of  inspecting 
any  such  hospital,  and  of  raising  money  by  loan  for 
the  purposes  of  the  hospital. 

Expenses, — "Structural"  (e.g.  site,  building,  fur- 
nishing, extensions,  etc.)  and  "Establishment"  (e.g. 
maintenance  of  hospital,  salaries,  etc.)  expenses  are 
borne  by  the  several  local  rates  of  the  constituent 
local  areas,  in  proportions  to  be  fixed  by  the  Order. 
The  costs  of  conveying,  removing,  feeding,  medicines, 
disinfecting,  and  "  all  other  things  required  for  patient.? 
individually,  exclusive  of  structural  and  establishment 
expenses,"  are  termed  patients'  exjyenses.  For  ordinary 
non-pauper  patients  they  are  to  be  paid  by  the  local 
authority  out  of  the  rates  of  the  local  area  from 
which  the  patient  came,  but  the  Guardians  are 
responsible  if  Poor  Law  relief  had  been  given  at  or 
within  a  fortnight  of  the  time  of  admission.  Patients 
desiring  exceptional  accommodation  are  themselves 
responsible  for  the  cost  of  maintenance,  etc.,  on  such 
terms  ("special  patients'  expenses")  as  the  committee 
may  appoint. 

The  Isolation  Hospital  Act,  1901,  provides 
that  a  S.A.  having  possession  of  a  hospital  for  t)ie 
reception  of  the  sick  may,  with  the  sanction  of  the 
L.G.B.,  transfer  it  to  the  County  Council  for 
a])propriation  to  a  district  under  the  Isolation  Hos- 
pitals Act,  1893,  as  an  infectious  diseases  hospital, 
and  the  County  Council  may  contribute  to  the  expenses 
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of  such  a  hospital.  Minor  amendments  and  defini- 
tions are  inchided  in  the  Act. 

The  Mid  wives  Act,  I902,  is  another  Act  directly 
concerned  with  disease-preveution,  and  may  therefore 
be  quoted  here.  The  duties  of  the  Local  Supervising 
Authorities  (the  Councils  of  Counties  or  County 
Boroughs,  or  bodies  to  whom  they  may  delegate  their 
powers)  are  defined  in  Rules  drawn  up  by  the  Central 
Midwives  Board  under  s.  3,  and  approved  by  the 
Pi'ivy  Council.  In  addition  to  the  registration  of 
midwives,  the  following  duties  arise  under  s.  3  : — 

1.  To  exercise  a  general  supervision  over  all 
midwives  practising  within  their  area,  in  accord- 
ance with  the  above  rules. 

2.  To  investigate  charges  of  malpractices, 
negligence,  or  misconduct  on  the  part  of  a  mid- 
wife. If  a  prima  facie  case  be  established,  it  is 
to  be  reported  to  the  Central  Board. 

3.  To  suspend  a  midwife  from  practice, 
when  necessary,  in  accordance  with  the  Mid- 
wives  Board  rules. 

The  rules  (1907)  in  question  include  the  follow- 
ing :— 

AVhenever  a  midwife  has  been  in  attendance  upon  a  patient 
suffering  from  puei-peral  fever,  or  from  any  other  illness 
supposed  to  be  infectious,  she  must  disinfect  herself,  and  all 
bsr  instruments  and  other  appliances,  to  the  satisfaction  of  the 
S.A.,  and  must  have  her  clothing  thoroughly  disinfected 
before  going  to  another  labour.  Unless  otherwise  directed  by 
the  Local  Supervising  Authority,  all  washable  clothing  should 
be  boiled,  and  other  clothing  should  be  disinfected  by  the 
S.A. 

Formal  notification  must  be  made  by  the  midwife  to  the 
Local  Supervising  Authority  when  any  of  the  following 
occur : — 

(a)  When   the  mother   or   the   child   dies  without 
having  been  seen  by  a  registered  medical  practitioner, 

(b)  When  the  child  is  deemed  to  be  stillborn. 

(c)  When,  owing  to  the  occurrence  of  various  com- 
plications either  of  the  labour  or  of  its  aftercourse,  as 
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doOned  in  the  rules,  it  has  been  necesBaiy  for  the.  mid- 
wife to  advise  that  a  registered  medical  practitioner  bo 
sent  for. 

The  Local  Supervising  Authority  must  secure  proper  in- 
spection of  every  midwife's  case  book,  bag  of  instrimients  and 
appliances,  etc.,  and  must,  when  necessary,  make  arrange- 
ments for  inspection  of  her  residence,  and  for  investigation" of 
her  mode  of  practice. 

The  Local  Supervising  Authority  are  to  suspend  from  prac- 
tice _a_  mid  wife  who  contravenes  the  directions  issued  for  the  use 
of  disinfectants  and  for  the  proper  safeguards  against  the  spread 
of  infection  laid  down  by  the  Central  Board,  or  other  rules  of 
the  Board.  Any  suspension  (with  the  grounds  tliereof)  must 
be  reported  to  the  Central  Board. 

Local  €ioveriliiiciit  Act,  18§8.— The  sanitary 
provisions  of  this  important  Act  are  few.  Besides  the  powers 
in  respect  of  pollution  of  streams  conferred  upon  County 
Councils  by  s.  14,  and  the  provisions  as  to  the  appointment  and 
qualitications  of  county  and  other  M.O.H.  contained  in 
ss.  17  and  18  (  SCO  Chaj).  xvii.),  only  the  following  require 
mention  here  : — 

A  County  Council  may,  subject  to  the  approval  of 
the  L.Gr.B.,  make  bye-laws  in  relation  to  the  whole  or 
any  specified  part  of  their  county  (boroughs  excepted*) 
for  various  purposes,  including  the  prevention  and 
suj^pressiou  of  nuisances  not  already  punishable  in  a 
summary  manner  by  virtue  of  any  Act  in  force  through- 
out the  county  (s.  16). 

Every  M.O.H.  for  a  district  in  any  county  shall 
send  to  the  County  Council  a  copy  of  every  periodical 
report  f  of  which  a  copy  is,  for  the  time  being,  required 
by  the  regulations  of  the  L.G.B.  to  be  sent  to  the 
Board;  and  if  the  M.O.H.  fail  to  send  such  copy,  the 
County  Council  may  refuse  to  pay  any  contribution 
towards  his  salaiy.  If  it  appear  to  the  County  Council 
from  any  such  report  that  the  Public  Health  Act,  1875, 
has  not  been  properly  put  in  force  within  the  district  to 
which  the  report  relates,  or  that  any  other  matter  affect- 
ing the  public  health  of  the  district  requires  to  be 
remedied,  the  Council  may  cause  a  representation  to  be 
made  to  the  L.G-.B.  on  the  matter  (s.  19). 

*  Boioiiglis  have  thu  same  power  under  s.  23  of  the  Municipal  Corpora- 
tions Act,  18S2. 

t  Tlie  Regulations  of  tlie  L.G.B.  require  the  M.O.H.  to  funiisli  the 
County  Council  with  copies  of  special  as  woll  as  annual  reports. 
(See  p.  553.) 
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County  Councils  have  now  certain  powers  under  the 
Housing'  of  the  Working  Classes  Act,  and  they  have,  of  course, 
power  to  make  formal  or  informal  representations  to  the 
L. G.B.J  or  other  controlling  authority,  upon  any  matter. 

Tlie  Local  Government  Act,  1894,  does  not 
apply  to  county  boroughs,  or  to  London,  Scotland,  or 
Ireland. 

Area  and  boundaries.— Boundaries  are  to  be 
adjusted  so  as  to  prevent  intersection  of  those 
which  define  counties,  county  districts,  unions,  and 
parishes.  Small  rural  parishes  are  to  be  grouped  into 
workable  units  for  parish  council  purposes,  but  each 
is  to  have  its  parish  meeting.  In  rural  districts 
Farish  Meetings  and  Parish  Councils  are  constituted. 

The  Parish  Meeting  has  the  exclusive  power  of 
adopting  certain  optional  Acts,  including  the  Burials 
Acts  and  the  Baths  and  Washhouses  Act,  and  its 
consent  is  required  before  the  Parish  Council  can 
incur  any  expense  involving  a  loan  or  a  rate  exceeding 
3d.  in  any  year. 

The  Parish  Council  have  power  (s.  8)  "to  utilize 
any  well,  spring,  or  stream  within  their  parish 
and  provide  facilities  for  obtaining  water  therefrom,* 
but  so  as  not  to  interfere  with  the  rights  of  any 
corporation  or  person;  and  to  deal  with  any  pond, 
pool,  open  ditch,  drain,  or  place  containing  or  used 
for  the  collection  of  any  drainage,  filth,  stagnant 
water  or  matter  likely  to  be  prejudicial  to  health,  by 
draining,  cleansing,  covering  it,  or  otherwise  prevent- 
ing it  from  being  prejudicial  to  health,  but  so  as  not 
to  interfere  with  any  private  right  or  the  sewage  or 
drainage  works  of  any  Local  Authority."  They  may 
execute  works  for  these  purposes,  or  contribute  to 
the  cost.  They  may  complain  (s.  16)  to  the  County 
Council  if  the  Rural  District  Council  have  failed  to 

*  Tlioy  cannot,  except  by  agreement,  aeuuire  land  for  tlie  i.urnose  of 
any  .supijly  of  water  (s.  9).  i    i  >^ 
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provide  or  to  maintain  suflicient  drainage  or  water 
supply  for  the  parisli,  or  to  enforce  any  provision  of  tlie 
Public  Health  Act,  and  in  that  event  the  County 
Council  may  take  over  to  themselves  the  powers  of 
the  District  Council  for  the  purpose,  or  may  make  an 
Order  for  the  necessary  works  to  be  carried  out  by 
the  District  Council  or  by  some  pei'son  appointed  by 
the  County  Council.  Notice  must  be  given  to  the 
Parish  Council  concerned  if  the  Ptural  District  Council 
decide  to  undertake  works  of  seweraf^e  or  water 
supply.  The  Parish  Council  may  acquire  or  hire  land 
for  allotments,  and  may,  if  necessary,  appeal  to  the 
County  Council  for  compulsory  powers  of  pui-chase 
or  hire ;  the  Order,  if  gi^anted ,  requires  confir- 
mation by  the  L.G.B.  (ss.  9  and  10).  They 
may  also  make  oliicial  representations  to  the  Dis- 
trict Council  under  the  Allotments  Acts ;  or  to 
the  M.O.H.  as  to  unhealthy  dwellings  or  obstruc- 
tive buildings  under  the  Housing  of  the  Working 
Classes  Act  (see  p.  603  et  seq.) ;  or  to  the  L.G.B, 
with  a  view  to  the  grant  of  urban  powers  for 
their  parish  or  any  part  of  it.  The  District  Council 
may  delegate  to  them  any  powers  which  under  the 
Public  Health  Acts  could  be  delegated  to  a 
parochial  committee.  Apart  from  expenditure  under 
adoptive  Acts,  the  Parish  Council  must  not  incur 
expenses  involving  more  than  a  6d.  rate  in  any  year, 
nor  more  than  a  3d.  rate  without  the  consent  of  the 
parish  meeting.  They  may  raise  money  on  loan,  but 
only  with  the  approval  of  the  parish  meeting,  the 
County  Council,  and  the  L.G.B. 

Rural  District  Councils,  notwithstanding  the 
limited  initiative  possessed  by  the  Parish  Council, 
are  the  responsible  executive  sanitary  authority, 
and  must  cany  out  all  necessary  works,  giving 
notice  to  the  Parish  Council.  The  L.G.B.  may  by 
General  Order  confer  upon  Rural  District  Councils 
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such  urban  powers  as  they  think  fit;  this  is 
in  addition  to  their  right  under  the  Public  Health 
Act  of  1875  {see  p.  585)  to  grant  urban  powers  for 
particuhir  areas,  which  right  may  under  the  1894  Act 
be  exercised  by  the  Board  on  the  application  of  the 
County  or  Parish  Council  concerned. 

Urban  District  Councils  are  the  S.A.  for  urban 
districts.  Boroughs  have  their  "corporation"  or 
"town  council,"  but  are  included  in  tlie  term 
"  county  district,"  which  comprises  all  urban  and 
rural  districts. 

All  District  Councils  have  the  charge  of  highways. 
Among  other  powers  given  to  them  are  the  administra- 
tion of  the  Acts  relating  to  petroleum  and  infant  life 
protection,  and  the  licensing  of  knackers'  yards.  A 
District  or  Parish  Council  may  delegate  their  powers 
to  a  committee  of  their  number,  or  to  a  joint  com- 
mittee representing  other  councils  also. 

County  Councils  obtain  under  the  1894  Act 
certain  powers  of  supervision  and  control,  specified  in 
the  foregoing  summary. 

Hoiif^ini^  of  the  Working:  Classes  Act,  18§5. 
— Every  S.A.  must  exercise  powers,  with  which  they 
are  invested,  to  secure  the  proper  sanitary  condition 
of  all  premises  within  their  area  (s.  7). 

A  tent,  van,  shed,  or  similar  stnicture.  used  for 
human  habitation,  which  is  in  such  a  state  as  to  be 
a  nuisance  or  injurious  to  healtli,  or  which  is  so  over- 
crowded as  to  be  injurious  to  the  health  of  the  inmates, 
whether  or  not  members  of  the  same  family,  shall  be 
deemed  to  be  a  nuisance  within  the  meaning  of  s^  91 
of  the  Public  Health  Act,  1875,  and  the  provisions  of 
that  Act  shall  apply  accordingly  (s.  9).  A  S.A.  uiay 
make  bye-laws  in  regard  to  such  habitations.  Power 
of  entry  between  6  a.m.  and  9  ]i.m.  is  given  to  any 
person  duly  authorized  by  the  S.A.  or  by  a  justice  of 
the  peace,  if  such  person  has  reasonable  cause  to 
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suspect  any  contravention  of  this  Act  or  of  any  bye- 
laws  made  under  it,  oi-  tiiat  there  is  in  such  habitation 
any  person  sufferinj,'  from  any  dangerous  infectious 
disease  (s.  9). 

Iloiisiiig^  ot  the  Working;  Classes  Act, 
1§90. — Pai't  I.  deals  with  unliecdtliy  areas,  and  is 
applicable  in  urban  districts  only.  It  is  the 
duty  of  the  M.O.H.  to  make  an  official  repre- 
sentation to  the  S.A.,  whenever  he  sees  cause 
to  do  so,  that  within  a  certain  area  either  (a) 
any  houses  or  courts  are  unfit  for  habitation,  or 
(6)  the  bad  arrangement  or  condition  of  the  streets 
or  houses,  or  the  want  of  light,  ventilation,  or  proper 
conveniences,  or  any  other  sanitary  defects,  are  dan- 
gerous to  the  health  of  the  inhabitants,  and  that  the 
evils  cannot  be  effectually  remedied  otherwise  than  by 
rearrangement  and  reconstruction  of  some  or  all  of 
the  streets  or  houses.  The  S.A.  must  consider  this 
representation,  and  if  satisfied  of  the  truth  thereof, 
and  of  the  sufficiency  of  their  resources,  must  declare 
the  area  to  be  an  unhealthy  area,  and  frame  an  im- 
pi-ovement  scheme.  The  scheme  may  exclude  any 
part  of  the  area,  or  include  any  neighbouring  lands. 
It  must  provide  for  proper  sanitary  arrangements,  and 
may  provide  for  widening  the  approaches,  or  other- 
wise opening  out  the  area.  Due  publicity  having 
been  given  to  the  scheme  in  a  specified  manner,  appli- 
cation is  to  be  made  to  the  "  confirming  authority  " 
for  a  provisional  Order.  The  Confirming  Authority 
(the  L.G.B.),  if  it  approves  the  scheme,  directs  a  local 
inquiry  to  be  held  respecting  the  correctness  of  the 
official  representation  and  the  sufficiency  of  the 
scheme.  The  provisional  Order,  if  granted,  is  subject 
to  confirmation  by  Parliament.  It  may  modify  the 
scheme,  and  must  determine  the  extent  of  the  pro- 
vision to  be  made  for  the  working  classes  displaced. 
In  London,  accommodation  must  be  provided  in  or 
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near  the  area  for  the  whole  number  displaced,  unless 
the  Order  decrees  otherwise  ;  under  certain  conditions 
the  Order  may  accept  in  substitution  equally  con- 
venient accommodation  not  in  or  near  the  area,  and 
may  dispense  with  the  obligation  to  any  extent  not 
exceeding  one  half.      Outside  the  metropolis  such 
provision  is  only  compulsory  if  (and  to  tlie  extent) 
prescribed  by  the  Order.      In  assessing  the  value  ot 
property,  no  additional  allowance  for  compulsory  pur- 
chase is  to  l)e  made  in  regard    to   any  unhealthy 
portion  of  the  area ;   and  evidence  may   be  given 
showing  that  any  premises  are  (1)  unfit  for  habitation, 
and  cannot  reasonably  be  made  fit;  or  (2)  m  bad 
repair,  or  in  an  insanitary  condition  ;  or  (3)  that  the 
rental  is  enhanced  by  reason  of   overcrowding  or 
use  for  illegal  purposes.    In  the  first  case  the  com- 
pensation is  to  be  based  upon  the  value  of  the  land 
and  building  materials  only  ;  in  the  second,  upon  the 
value  after  allowing  for  the  cost  of  necessary  repairs  ; 
in  the  third,  upon  the  value  apart  from  such  illegal 
use.   .After  the  provisional  Order  has  been  confirmed 
by  Pcirliament,  it  becomes  "the  Confirming  Act," 
and  is  executed  by  the  local  authority,  who  take  steps 
to  receive  and  adjudicate  upon  claims,  if  necessary 
submitting  them  to  arbitration. 

Upon  complaint  by  two  Justices,  or  twelve  rate- 
payers, the  M.O.H.  must  inspect  and  report  upon 
any  area.  If  he  fails  to  do  so,  or  reports  that  it  is 
]iot  an  unhealthy  area,  such  ratepayers  may  appeal  to 
the  Confirming  Authority,  who  may  then  appoint  a 
medical  practitioner  to  inspect  the  area.  If  the  latter 
reports  that  it  is  an  unhealthy  area,  the  S.A.  are 
required  to  prepare  an  improvement  scheme.  In  any 
case,  if  the  S.A.  refuse  or  fail  to  prepare  a  scheme 
upon  receipt  of  an  official  rei)resentation,  they  must 
report  the  facts  to  the  Confirming  Authority,  who  may- 
then  order  a  local  ino^uiry  to  be  held, 


606 


SANITARY  LAW 


[chap. 


Part  Ti.  applies  to  rural  as  well  as  urljan  disti'icts, 
aiici  relates  to  unhealthy  or  obfttriictive  dwellings.  It 
is  the  duty  of  the  M.O.H.  to  represent  to  the  S.A. 
any  dwelling  which  appears  to  him  to  be  in  a  state 
dangei"ous  to  health  so  as  to  be  unfit  for  human 
habitation  ;  but  the  S.A.  are  also  required  to  cause 
insi)ections  of  their  district  to  be  made  from  time  to 
time  for  the  same  purpose.  If  satisfied  that  any 
dwelling  is  unfit  for  habitation,  the  S.A.  must  first 
take  proceedings  against  the  owner  for  the  closure 
of  the  house,  as  directed  by  the  Public  Health  Act, 
1875.  (A^ee  pp.  577-8.)  If  the  closing  order  of  the 
court  is  not  terminated  by  a  further  order,  the  S.A. 
may  pi'oceed  to  mal<e  an  order  for  the  demolition  ot 
the  premises  ;  but  before  doing  so  must  a&ord  the 
owner  an  opportunity  of  stating  his  objections.  There 
is  an  appeal  to  Quarter  Sessions.  Upon  written  com- 
]jlaint  from  four  or  more  householders  that  any 
dwelling  is  vmfit  for  habitation,  the  M.O.H.  must 
inspect  such  house,  and  report  to  the  S.A.  If  the 
S.A.  (not  being  a  rural  S.A.,  or  in  the  county  of 
London)  fail  to  take  action  within  three  months,  the 
complainants  may  appeal  to  the  Ii.G.B.,  who  may, 
after  local  inquiry,   order  the  S.A.  to  proceed. 

Obstructive  buildings. — If  the  M.O.H.  finds  that 
any  building — though  not  in  itself  imfit  for  habitiition 
— by  its  proximity  to  other  buildings,  either  (a) 
stops  ventilation,  or  otherwise  conduces  to  make 
them  unfit  for  habitation,  or  (b)  prevents  the  proper 
remedy  of  any  nuisance  or  other  evils  in  respect  of 
such  other  buildings,  he  must  make  a  representation 
to  the  S.A.,  stating  that  in  his  opinion  the  obstructive 
building  should  be  pulled  down.  A  similar  repre- 
sentation may  be  made  by  any  four  or  more  inhabitant 
householders.  In  either  case  the  S.A.  must  make 
inquiry  as  to  the  facts,  and  as  to  the  cost  of  acquiring 
the  land  and  pulling  down  the  building.     If  they 
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decide  to  proceed,  the  S.A.  can  make  an  order  for  the 
demolition  of  the  building,  after  giving  the  owner  an 
opportunity  of  stating  his  objections,  and  subject  to 
appeal  to  Quarter  Sessions.  The  compensation  to  be 
paid  by  the  S.A.  to  the  owner,  and  also  the  amount 
recoverable  by  the  S.A.  from  the  owners  of  the 
houses  benehted  by  the  demolition,  are  settled  by 
arbitration  in  case  of  dispute. 

The  S.A.  may  prepare  a  scheme  for  dedicating  as 
a  highway  or  open  space,  or  appropriating  or  exchang- 
ing for  the  erection  of  working-class  dwellings,  the 
sit'e  of  any  building  ordered  to  be  demolished  under 
Part  II.,  if  it  appears  to  them  that  it  would  benefit 
the  health  of  the  inhabitants  of  the  adjoining  houses. 
They  may  also  prepare  an  improvement  scheme  for 
any  unhealthy  area  too  small  to  be  dealt  with  under 
Part  I.    Such  schemes  require  confirmation  by  pro- 
visional Order  of  the  L.G.B.  after  a  local  inquiry,  and 
with  or  without  modification.    The  Order  may  require 
provision  to  be  made   for   the   accommodation  of 
persons  of  the  working  classes  displaced.    When  an 
official  representation  has  been  made  under  Part  II., 
or  a  closing  order  obtained,  a  rural  S.A.  mvist  forward 
a  copy  to  the  County  Council,  and  report  from  time 
to  time  all  further  proceedings.    If  it  appears  to  the 
County  Council  that  a  closing  order  should  be  applied 
for,  or  an  order  for  demolition  made,  and  if  the  S.  A., 
after  due  notice  from  the  County  Council,  fails  to  adopt 
such  measures,  the  Council  may  by  resolution  take 
over  and  exercise  the  powers  of  the  S.A.  in  respect  of 
such  buildings,  recovering  the  expenses  from  the  S.A. 
Except  in  boroughs,  a  representation  by  the  county 
M.O.H.,  if  forwarded  by  the  County  Council  to  any 
S.A.,  has,  for  the  purposes  of  Part  ii.,  the  same 
effect  as  if  made  by  the  M.O.H.  of  the  district. 

In  the  County  of  London,  Part  I.  is  entrusted  to 
the  County  Council  and  Part  ii.  primarily  to  the 
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Borough  Councils.  In  tlie  event  of  doubt,  the 
Home  Secretaiy  has  to  decide  under  which  part  of 
the  Act  a  given  area  shall  be  dealt  with.  But  tlie 
County  Council  may  prepare  schemes  under  Part  ii. 
if  they  think  fit,  and  may  apply  to  the  Home  Secretary 
to  order  a  contribution  from  the  District  Authority, 
who,  in  like  manner,  if  they  proceed,  may  apply  for  a 
contribution  from  the  County  Council. 

Part  III.  authorizes  the  S.A.  to  provide  lodging- 
houses  for  the  working  classes,  subject  to  the  sanction 
of  the  Ii.G.B.  as  regards  urban  authorities,  and  of 
the  County  Council  in  rural  districts  ;  and  to  make 
bye-laws  respecting  such  houses.  For  the  admiuisti-a- 
tion  of  this  Part  of  the  Act  it  was  necessary  up  to 
1909  for  the  S.A.  to  adopt  it  {see  p.  610). 

The  administration  of  Parts  i.,  ii.,  and  iii.  in  the 
district  of  the  City  of  London  is  vested  in  the  Com- 
missioners, and  the  County  Council  have  no  juris- 
diction, in  this  area. 

Part  IV.  contains  supplemental  provisions,  of 
which  the  following  is  important  : — "In  any  contract 
made  after  August  14th,  1885,  for  letting  for  habita 
tion  by  persons  of  the  working  classes  a  house  or  part 
of  a  house,  there  shall  be  implied  a  condition  that  the 
house  is  at  the  commencement  of  the  holding  in  all 
respects  reasonably  fit  for  human  habitation." 

If  ousiiig^  of  the  Working  Classes  Act,  1900. 

—This  Act  amends  Part  iii.  of  the  Act  of  1890.  It  allows 
anj^  Urban  S.A.  which  has  adopted  Part  ni.  to  establish  or 
acquire  lodging-houses  for  the  working  classes  outside  their 
district;  and  any  Rural  S.A..  with  the  consent  of  the  County 
Council,  to  adopt  Part  ni.  cither  for  the  whole  or  part  of  their 
district.  In  giving  or  withholding  consent  the  County  Council 
shall  have  re^-ard  to  the  area  proposed  ;  to  the  necessity  for 
accommodation  for  the  housing  of  the  working  classes  in  that 
area  ;  to  the  probability  of  such  accommodation  being  provided 
without  Ihe  adoption  of  the  said  Pa,rt ;  and  to  the  liability 
Wliich  will  be  incurred  by  the  rates,  and  tp  the  question 
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whether  it  is,  in  all  the  circumstances,  prudent  to  adopt  the 
said  Part. 

An  Urban  S.A.,  with  the  consent  of  the  L.G.B.,  and  a 
Eural  S.  A.  with  the  consent  of  the  County  Council,  may  lease 
any  land  acquired  by  them  under  and  for  the  purposes  of  Part 
III.  to  any  lessee  for  the  purpose  and  under  the  condition  that 
the  lessee  will  carry  the  Act  into  execution  by  building  and 
maintaining-  on  the  land  lodging-houses  within  the  meaning 
of  the  Act. 

Section  6  defines  the  powers  of  the  County  Council  to  act  in 
default  of  a  Rural  Council. 

Compensation  questions  which  may  arise  shall  in  default  of 
iigreement  be  determined  by  a  single  arbitrator  to  be  appointed 
and  removable  by  the  L.G.B. 

The  Housings  of  the  Working  Classes  Act, 
1903,  extends  the  maximum  period  for  the  repayment  of 
loans  raised  for  the  purposes  of  these  Acts  to  80  years  (from  60), 
leaving  the  actual  period  for  repayment,  subject  to  this  limita- 
tion, to  be  determined  with  the  sanction  of  the  L.  G.B. 

The  Board  propose  as  a  general  rule  to  allow  the  full  term 
of  80  years  for  the  repayment  of  loans  for  the  purchase  of 
freehold  land,  and  60  years  for  the  repayment  of  loans  for  the 
erection  of  buildings,  where  the  circumstances  are  such  that 
this  may  properly  be  done. 

The  powers  given  to  the  Board  to  direct  a  local  inquiry  to 
be  held,  and  a  report  made  to  them  as  to  the  correctness  of  the 
official  representation  (when  the  S.A.  has  taken  no  action) 
are  supplemented  by  s.  4  (1)  of  the  1903  Act.  If,  on  report 
made  to  them  after  inquiry,  they  are  satisfied  that  a  scheme 
ought  to  have  been  made  for  the  improvement  of  the  area  to 
which  the  inquiry  relates,  or  some  part  thereof,  they  can  order 
the  S.  A.,  to  make  such  a  scheme  (under  either  Part  i.  or 
Part  II.) 

The  Order  of  the  Board  is  enforceable  by  mandamus. 

Section  4  (2)  provides  that  any  12  or  more  ratepayers  of  the 
district  shall  have  the  same  right  of  appeal,  under  3.  16  of  the 
1890  Act,  as  is  given  to  the  12  or  more  ratepayers  who  have 
made  complaint  to  the  M.O.H.  mentioned  in  that  section. 

The  advertisements  of  an  improvement  scheme  under  Part 
I.  may  be  published  for  three  consecutive  weeks  at  any  period  of 
the  year,  and  the  prescribed  notices  may  be  served  during  the 
30  days  next  following  the  date  of  the  last  publication  of  the 
advertisement. 

Section  8  concerns  procedure  for  obtaining  closing  orders  in 
regard  to  insanitary  houses. — Where  a  S.A.  desires  to  obtain  a 
closing  Order  it  was  necessary  under  s.  32  of  the  1890  Act,  first 
2  N 
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to  give  notice  to  the  owner  or  occupier  of  the  house  to  abate 
the  nuisance.  S.  8,  ]  903,  dispenses  with  this  notice  as  regards 
any  dwelling-house  which,  in  the  opinion  of  the  S.A.,  is  either 
[a]  not  reasonably  capable  of  being  made  fit  for  human  habita- 
tion, or  (b)  is  in  such  a  state  that  its  occupation  should  be 
immediately  discontinued. 

A  more  speedy  and  eiBcacious  waj'  of  obtaining  possession 
of  a  house  in  respect  of  which  a  closing  Order  has  been  made 
than  that  provided  by  s.  32  (3)  of  the  1890  Act  is  afforded  by 
s.  10,  1903.  Whatever  the  value  or  rent  of  the  house,  the 
S.A,  may  proceed  either  under  ss.  138-145  of  the  County 
Courts  Act,  1S88,  or  under  the  Small  Tenements  Eecovery 
Act,  1838.  The  expenses  of  these  proceedings  can  be  recovered 
from  the  owner  under  the  Summarj^  Jurisdiction  Acts. 

S.  11  (1)  empowers  the  S.A.,  if  they  provide  lodging 
houses  under  Part  iii.,  or  if  they  supply  accommodation  under 
the  Housing  Acts  or  undjr  any  scheme  made  in  pursuance  of 
these  Acts,  to  provide  and  maintain,  in  connexion  therewith, 
any  building  adapted  for  use  as  a  shop,  any  recreation  grounds, 
or  other  buildings  or  land  which,  in  the  opinion  of  the  Board, 
will  serve  a  beneficial  purpose  in  connexion  with  the  require- 
ments of  the  persons  for  whom  the  lodging-houses  or  dwelling 
accommodation  are  provided.  The  consent  of  the  Board  is 
required  to  the  exercise  of  these  powers,  and  they  may  require 
statutory  provisions  of  control. 

Service  of  notices. — The  ser-\dce  of  notices  and  other  docu- 
ments is  facilitated  by  s.  13. 

Housing^,  Town  Planning^,  Ac,  AcJ,  1909. 

— The  principal  provisions  in  regard  to  housing  are 
contained  in  Part  i.  and  the  First  Schedule  to  the 
Act.    They  may  be  summarized  as  follows  : — 

(1)  Part  III.  of  the  Housing  of  the  Working 
Classes  Act,  1890,  which  was  formerly  adoptive  only 
and  enables  local  authorities  to  provide  houses  for 
the  working  classes  is  now  put  in  force  throughout 
the  whole  country.  (2)  The  new  Act  greatly 
increases  the  facilities  for  the  acquisition  of  land  for 
the  purposes  of  the  Housing  Acts.  The  effect  of 
s.  2  and  Schedule  i.  is  to  make  the  powers  granted 
to  the  Councils  of  counties  and  county  boroughs 
by  the  Small  Holdings  and  Allotments  Act,  1908, 
for   the   compulsory   purchase   of   land   for  small 
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holdings,  available  to  local  authorities  acting  under 
Part  III.  of  the  Housing  of  the  Working  Classes  Act, 
1890,  for  the  compulsory  purchase  of  land  for  the 
purposes  of  that  Part,  subject  to  some  modifications 
as  regards  land  in  urban  areas.  Hitherto  a  Pro- 
visional Order  confirmed  by  Parliament  has  been 
necessary  in  every  case  before  authority  for  the 
compulsory  purchase  of  land  for  this  object  could  be 
obtained.  (3)  Loans  can  in  future  be  made  by  the 
Public  Works  Loan  Commissioners  for  periods  up  to 
80  years  at  the  minimum  rate  of  interest  allowed  for 
the  time  being  for  loans  out  of  the  Local  Loans 
Fund,  and  the  rate  of  interest  will  not  vary  with  the 
term  allowed  for  repayment  (s.  3).  (4)  Powers  are 
given  to  the  L.G.B.  for  the  enforcement  of  the 
execution  of  the  Housing  Acts  (s.  10),  which  are 
very  complete  as  regards  all  matters  concerning  the 
housing  of  the  working  classes,  and  in  particular 
enable  the  Board  to  enforce  the  inspection  required 
by  s.  17  of  the  new  Act,  a  matter  in  which  certain 
local  authorities  have  in  the  past  been  very  lax,  and 
to  require  schemes  to  be  carried  out  within  a  limited 
time.  Powers  are  also  conferred  on  County  Councils 
to  act  in  default  of  rural  districts.  (5)  The  law  as 
regards  the  closing  and  demolition  of  dwellings  unfit 
for  human  habitation  is  simplified  and  strengthened. 
Local  authorities  will,  under  the  new  Act,  themselves 
make  closing  Orders,  and  the  powers  of  a  Court  of 
Summary  Jurisdiction  in  this  respect  will  cease 
(6)  The  new  Act  extends  to  houses  of  much  higher 
rental  than  those  fixed  by  s.  75  of  the  Act  of  1890 
the  condition  implied,  in  the  contract  for  lettino-', 
being  that  the  house  is  fit  for  habitation,  and  that  the 
landlord  shall  keep  the  hou.se  in  a  state  reasonably  fit 
for  habitation  during  the  holding.  S.  15,  which 
requires  landlords  to  keep  houses  within  the  rental 
limits  above  referred  to  in  all  respects  reasonably  fit 
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for  liuman  habitation,  gives  powers  to  the  local 
authority  in  regard  to  landlords  who  make  default  in 
this  respect.  (7)  Other  important  provisions  to 
which  attention  should  be  drawn  are  those  contained 
in  s.  16,  which  extends  the  power  of  making  bye-laws 
for  lodging  houses;  in  s.  17  (7),  under  which  under- 
ground rooms  habitually  used  as  sleeping  places  must 
comply  with  regulations  prescribed  by  the  S.A.  or 
the  L.G.B.  ;  in  s.  43,  which  prohibits  the  erection  of 
back -to-back  houses ;  in  s.  81,  which  shortens  the 
period  for  demolition  of  closed  houses ;  and  in  s.  24, 
the  effect  of  which  is  that  schemes  under  Part  i.  or 
Part  II.  of  the  Act  of  1890  will  take  effect  on  the  issue 
of  the  Board's  Order  confirming  them,  and  will  not 
need  confirmation  by  Parliament.  S.  36  considerably 
enlarges  the  power  of  entry  on  premises  for  the  pur- 
poses of  the  Housing  Acts  for  survey,  examination 
and  valuation,  and  s.  44  enables  the  Board  to  deal 
with  bye-laws  with  respect  to  new  streets  or  buildings 
if  the  erection  of  dwellings  for  the  working  classes  is 
unreasonably  impeded  in  consequence  of  them. 

The  Board  have  framed  Bules  under  s.  39 
with  regard  to  the  procedure  on  appeals  to  them 
under  the  Housing  Part  of  the  Act,  and  also  forms  of 
notices,  advertisements  and  other  documents  under 
s.  41  (1).  They  have  also  framed  Regulations  under 
s.  17  for  effective  inspection. 

Town  planning.— The  object  of  the  Town  Planning 
Part  of  the  Act  is  to  ensure,  by  means  of  schemes 
which  may  be  prepared  either  by  local  authorities  or 
landowners,  that,  in  future,  land  in  the  vicinity  of 
towns  shall  be  developed  in  such  a  way  as  to  secure 
proper  sanitary  conditions,  amenity,  andi  convenience 
in  connexion  with  the  laying  out  of  the  land  itself  and 
of  any  neighbouring  land.  Hitherto  the  conflicting 
interests  of  different  owners  and  the  absence  of  any 
power  in  the  local  authority  to  guide  and  control 
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doA'-elopuieiit  according  to  the  circumstances  and 
requirements  of  particular  cases  has  resulted  to  a 
considerable  fextent  in  the  development  of  estates, 
whether  large  or  small,  with  a  sole  regard  to  the 
immediate  interests  of  the  particular  estate  and 
without  regard  to  the  amenity  and  convenience  of 
neighbouring  lands.  Much  has,  of  course,  been  done 
by  provisions  in  public  general  statutes,  bye-laws, 
regulations,  and  local  Acts  to  secure  sanitary  con- 
ditions in  the  development  of  land.  But  such  pro- 
visions, which  commonly  apply  to  a  whole  district,  are 
inherently  inelastic  in  their  character  and  are  not 
concerned  with  amenity  and  convenience  as  affected 
by  the  particular  circumstances  of  the  actual  land 
about  to  be  developed. 

The  Town  Planning  Part  of  the  new  Act  involves 
a  material  advance  in  the  relations  between  the  owners 
of  land  and  the  local  authorities,  and  enables  each 
party  to  co-operate  with  the  other  in  promoting  the 
general  interest. 

The  importance  of  co-operation  is  fully  recognized 
by  the  Act.  Thus  s.  56  (2)  contemplates  that  the 
Regulations  to  be  made  by  the  Board  under  that 
section  shall  provide  for  securing  this  co-operation  by 
means  of  conferences  and  otherwise  at  e^  ery  stage. 
Again,  amongst  the  matters  to  be  dealt  with  by 
General  Provisions  under  s.  55  is  the  power  of  the 
responsible  authority  to  make  agreements  with  owners, 
and  of  owners  to  make  agreements  with  one  another 
(Fourth  Schedule,  paragraph  13).  Considerable 
powers  are  conferred  on  the  S,A.  to  enforce  schemes 
(s.  57),  to  make  compensation  in  respect  of  property 
injuriously  affected  by  planning  schemes  (s.  58),  and  to 
acquire  land  for  such  schemes  (s.  60).  Powers  are  also 
conferred  on  the  L.G.B,  to  make  or  execute  schemes 
in  default  of  the  S.A.  (s.  61).  Lastly,  by  s.  68,  it  is 
obligatory  upon  every  County  Council  to  appoint  a 
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M.O.H,  whose  duties  sball  be  prescribed  by  general 
order  of  the  L.G.B.  (see  p.  553).  Certain  sections  of 
the  1890  Housing  Act  are  repealed  to  allow  of  the 
modifications  named  above. 

Sale  of  Food  ami  Dritg^s  Act,  IS 75. — This 
Act  defines  "  food  "  as  including  every  article  used 
by  man  for  food  or  drink,  except  water  and  drugs ; 
and  "drug's"  as  including  medicine  for  external  as 
well  as  internal  use  (s.  2).  "  No  person  shall  mix, 
colour,  stain,  or  powder  (or  order  or  permit  any  other 
person  to  mix,  colour,  stain,  or  powder)  any  article  of 
food  with  any  ingredient  or  material  so  as  to  render 
the  article  injurious  to  health,  with  intent  that  the 
same  maybe  sold  in  that  state;  and  no  person  shall 
sell  any  article  so  mixed,  coloured,  stained,  or 
powdered  .  .  .  (s.  3).  "  No  person  shall, 
except  for  the  purpose  of  compounding,  .... 
mix,  colour,  stain,  or  powder  (or  permit  any  other 
person  to  mix,  colour,  stain,  or  powder)  any  drug  with 
any  ingredient  or  material  so  as  to  affect  injuriously 
the  quality  or  potency  of  such  drug,  with  intent  that 
the  same  may  be  sold  in  that  state  ;  and  no  person 
shall  sell  any  drug — so  mixed,  coloured,  stained,  or 
powdered  .  .  ."  (s.  4).  The  penalty  for  such  in- 
jurious admixture  is  a  fine  not  exceeding  .£50  for  a 
first  offence  ;  subsequent  offences  are  misdemeanours, 
punishable  by  imprisonment  with  hard  labour  for  a 
period  not  exceeding  six  months.  No  liability  is, 
however,  incurred  if  the  accused  person  can  show 
that  he  was  unaware  of  the  admixture,  and  could ^not, 
with  reasonable  diligence,  have  ascertained  it  (.s.  5). 

"No  person  shall  sell,  to  the  prejudice  of  the 
purchaser,  any  article  of  food  or  any  drug  which 
is  not  of  the  nature,  substance,  and  quality  of  the 
article  demanded  by  such  purchaser,  under  a  penalty 
not  exceeding  £20 ;  but  no  offence  shall  be  deemed 
to  be  committed  under  this  section  in  the  foUowmg 
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cases  :  (1)  Where  any  matter    or   ingredient  not 
injurious  to  liealth  has  been  added  to  the  food  or 
drug  because  the  same  is  required  for  the  production 
or  preparation  thereof  as  an  article  of  commerce 
in  a  state  fit  for  carriage  or  consumption,  and  not 
fraudulently  to  increase  the  bulk,  weight,  or  measure 
of  the  food  or  drug,  or  conceal  the  inferior  quality 
thereof ;  (2)  where  the  drug  or  food  is  a  proprietary 
medicine,  or  is  the  subject  of  a  patent  in  force,  and 
is  supplied  in  the  state  required  by  the  specification  of 
the  patent ;  (3)  where  the  food  or  drug  is  compounded 
.  .  ,  .  [and  the  provisions  of  the  seventh  and  eighth 
sections  are  observed]  ;  (4)  where  the  food  or  drug  is 
unavoidably  mixed  -with  some  extraneous  matter  in 
the  process  of  collection  or  prepai-ation  "  (s.  6).  As 
regards  these  exemptions,  the  omis  p7'ohandi  rests 
with  the  defendant  (s.  24).    No  person  shall  sell  any 
compound,  drug,  or  article  of  food  which  is  not  com- 
posed of  ingredients  in  accordance  with  the  demand 
of  the  purchaser,  under  a  penalty  not  exceeding  £20 
(s.  7) ;  but  no  offence  under  this  section  is  committed 
in  respect  of  the  sale  of  a  drug  or  article  of  food 
mixed  with  an  ingredient  not  injurious  to  health,  if  it 
is  labelled  as  "  mixed  "  at  the  time  of  sale  (s.  8). 

"No  person  shall  (with  the  intent  that  the  same 
may  be  sold  in  its  altered  state  without  notice) 
abstract  from  an  article  of  food  any  part  of  it,  so 
as  to  affect  injuriously  its  quality,  substance,  or 
nature  ;  and  no  person  shall  sell  any  article  so  altered 
without  making  disclosure  of  the  alteration,  under  a 
penalty  not  exceeding  £20 "  (s.  9).  In  any  prose- 
cution under  this  Act,  the  defendant  is  to  be  dis- 
charged if  he  pi'oves  to  the  satisfaction  of  the  Court 
(a)  that  he  bought  the  article  as  being  the  same  in 
nature,  substance,  and  quality  with  that  demanded  by 
the  purchaser,  and  with  a  written  warranty  to  that 
effect ;  (b)  that  at  the  time  of  sale  he  had  no  reason 
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to  believe  it  to  be  otlierwiso  ;  autl  (c)  that  lie  Kold  it 
in  the  same  state  as  when  he  purchased  it  (s.  25). 

In  every  district  a  competent  person  may  be  (and, 
if  required  by  the  L.G.B.,  must  be)  appointed  as 
Public  Analyst*  (s.  10) ;  and  any  person  shall  be 
entitled  to  have  any  drug  or  article  of  food  purchased 
by  him  in  such  district  analysed  by  the  Public  Analyst 
on  payment  of  a  sum  not  exceeding  10s.  6d.,  and  to 
receive  from  him  a  certificate  of  the  result  of  the 
analysis  (s.  12).    The  M.O.H.,  inspector,  or  constable, 
charged  by  the  S.A.  with  the  execution  of  the  Act, 
may  procure  samples  of  food  and  drugs,  and  submit 
them  to  the  Public  Analyst  (s.   13).    Any  person 
purchasing  an  article  for  analysis  shall,  upon  the 
completion  of  the  purchase,  forthwith  notify  to  the 
seller  his  intention  to  have  it  analysed  by  the  Public 
Analyst ;  and  shall  offer  to  divide  it  into  three  parts, 
to  be  then  and  there  separated,  and  each  part  to  be 
marked  and  sealed  or  fastened  up,  and  shall,  if  re- 
quired to  do  so,  proceed  accordingly,  and  shall  deliver 
one  of  the  parts  to  the  seller.    He  shall  retain  one  of 
the  tliree  parts  for  future  comparison,  and  deliver  the 
third  to  the  Public  Analyst  (s.  14).    If  the  seller  do 
not  accept  the  ofier  of  division,  the  analyst  must 
divide  the  article  into  two  parts,  and  seal  up  and 
deliver  one  of  them  to  the  purchaser  (s.  15).  Samples 
may  be  sent  to  the  analyst  by  registered  parcel  post, 
if  his  residence  is  two  miles  from  that  of  the  pur- 
chaser (s.  16).    Any  person  refusing  to  sell  to  an 
officer  of  the  S.A.  any  article  of  food  or  drug  on  sale 
by  retail,  the  price  being  tendered,  and  the  quantity 
demanded    not    being  greater  than    is  reasonably 
requisite,  is  liable  to  a  penalty  not  exceeding  £10 

*  The  appointment  is  made  by  the  Town  Council  of  any  horongli 
having  a  sepai'ate  Court  of  Quarter  Sessions,  or  a  separate  police  establish- 
ment. -The  County  Council  appoints  the  Public  Analyst  for  all  parts  of 
the  county  not  included  in  the  above.  All  appointments  and  reappoint- 
ments are  subject  to  the  approval  of  the  L.G.B. 
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(s.  17).  The  certificate  of  the  analyst  must  be  in  a 
prescribed  form  (s.  18),  and  is  sufficient  evidence  of 
the  facts  therein  stated,  unless  the  defendant  requires 
the  analyst  to  be  called  as  a  witness  (s.  21).  The 
Justices  before  whom  a  case  is  heard  may,  at  the 
request  of  either  party,  cause  any  article  of  food  or 
drug  to  be  sent  to  the  Commissioners  of  Inland 
Revenue  for  analysis  at  the  Government  Laboratory 
(s.  22). 

Sale  of  Food  and  Driig^s  Act  Amendment 
Act,  ISIO. — -This  amending  Act  was  passed  in  order 
to  settle  certain  points  upon  which  the  1875  Act  was 
found  to  be  insufficiently  explicit. 

"  It  shall  be  no  defence  to  allege  that  the  purchaser 
is  not  prejudiced  by  the  sale  of  adulterated  articles, 
on  the  ground  that  he  bought  it  for  analysis  only  ;  or 
to  allege  that  the  article  in  question,  though  defective 
in  nature,  or  substance,  or  quality,  was  not  defective 
in  all  three  respects"  (s.  2).  "The  M.O.H.,  in- 
spector, or  constable  charged  Avith  the  execution  of 
the  Act,  may  procure,  at  the  place  of  delivery,  a 
sample  of  milk  in  course  of  delivery  to  the  purchaser 
or  consignee,  in  pursuance  of  any  contract ;  and  may 
submit  the  sample  to  the  Public  Analyst"  (s.  3). 
"  The  seller,  or  his  representative,  if  he  refuses  to 
allow  a  sufficient  sample  to  be  taken,  is  liable  to  a 
penalty  not  exceeding  £10"  (s.  4).  "As  regards 
spirits  not  adulterated  otherwise  than  by  admixture 
of  water,  it  is  a  good  defence  to  prove  that  the  ad- 
mixture has  not  reduced  the  spirit  more  than  25 
degrees  under  proof  for  brandy,  whisky,  or  rum  ;  or  35 
degrees  under  proof  for  gin  "  (s,  6). 

The  Sale  of  Food  and  Di  ug^s  Act,  1899,  pro- 
vides that  articles  imported  into  the  United  Kingdom, 
such  as  margarine,  margarine  cheese,  impoverished 
or  adulterated  milk,  condensed,  separated,  or  skimmed 
milk,  or  any  othei,^  article  hereafter  added  by  Order 
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in  Council,  sliall  be  conspicuously  marked  with  name 
and  description  (s.  1)  ;  the  L.G.B.  and  the  Board  of 
Agriculture  may  procure  samples  for  analysis  if  it  is 
deemed  desirable  in  the  general  interest  of  the  con- 
sumer, and  the  results  of  the  analysis  shall  be  com- 
municated to  the  S.A.,  who  shall  pay  the  analyst's 
fees  (s.  2).    Under  s.  3  similar  power  is  given  to  these 
Boards  to  act  in  default  of  the  S.A.    The  Board  of 
Agriculture  may  make  regulations  for  determining 
what   deficiency    in    any   normal   constituents,  or 
adulterations,  shall  r-aise  a  px'esumption  that  milk, 
cream,  butter  and  cheese  is  not  genuine  (s.  4).  The 
Margarine  Act,  1887,  is  extended  to  apply  to  "  mar- 
garine cheese,"  which  must  be  clearly  marked  on  the 
package  in  black  letters  not  less  than  J-  in.  long. 
Every  maker  of  margarine  and  margarine  cheese 
shall  keep  a  register  as  to  quantity  and  destina- 
tion of  his  consignments,  and  he  shall  submit  to 
inspection  (s.  7).     The  fat  of  margarine  must  not 
contain  more  than  10  per  cent,  of  butter  fat  (s.  8), 
and  condensed  milk  of  all  kinds  may  only  be  sold 
when  clearly  described  on  the  label.    A  person  selling 
milk  on  any  highway  must  have  conspicuously  marked 
on  the  vehicle  his  name  and  address. 

Penalties  for  wilful  obstruction  of  officers  in  the 
course  of  their  duties  in  food  sampling  and  for  offences 
under  the  Acts  are,  for  the  first  offence,  sums  not 
exceeding  £20,  and  for  subsequent  offences,  £50  and 
£100  ;  but  proceedings  may  not  be  instituted  after 
the  expiration  of  28  days  from  the  time  of  purchase. 
A  warranty  is  not.  available  as  a  defence  unless  a 
copy  has  been  sent  to  the  purchaser  within  seven 
days  of  service  of  the  summons,  with  a  written  notice 
stating  that  reliance  will  be  placed  on  it,  and  specify- 
ing the  name  and  address  of  the  warrantor. 

These  Acts  arc  directed  not  only  against  fraudulent  dilu- 
tion, abstraction,  and  substitution,  but  also  against  injury  to 
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health,  and  the  sampling  and  analysis  should  be  guided  by  con- 
sideration of  both  points.  In  the  case  of  beer  the  risk  of  lead 
contamination  fiom  j)ewter  pipes  has  long  been  known,  but  that 
of  arsenic  was  overlooked  until  1900. 

The  Margarine  Act,  1887,  defines  "butter "as 
made  exclusively  from  milk,  or  cream,  or  both,  with 
or  without  salt  or  other  preservative,  or  added  colour- 
ing matter.  '•'  Mai'garine  "  includes  all  substances, 
whether  compounds  or  otherwise,  prepared  in  imita- 
tion of  butter,  whether  mixed  with  butter  or  not  (s.  3). 
Every  package  of  margarine  must  be  so  marked,  in 
capital  letters  not  less  than  |  in.  square,  and  in 
shops  by  labels  with  capital  letters  not  less  than 
H  in.  square).  All  margarine  factories  must  be 
registered  with  the  Authority  appointing  the  Public 
Analyst  of  the  district  (s.  9).  Officers  authorized 
under  the  Sale  of  Food  and  Drugs  Acts  may  take 
samples  of  butter  (or  substances  purporting  to  be 
butter  which  are  exposed  for  sale  and  not  marked  as 
margarine)  without  going  through  the  form  of  purchase 
required  by  that  Act,  but  otherwise  complying  with  its 
provisions  as  to  dealing  with  the  samples  (s.  10).  Any 
such  substance  not  being  marked  as  margarine  is  to 
be  presumed  to  be  exposed  for  sale  as  butter.  The 
vendor  is  absolved  if  he  proves  that  he  bought  the  article 
with  a  written  warranty,  and  sold  it,  in  the  same  state 
as  when  bought,  believing  it  to  be  butter.  The  penalty 
for  a  first  oftence  is  a  fine  not  exceeding  .£20. 

The  Butter  and  Margarine  Act,  1907, 
substitutes  for  the  definition  of  margarine  in  the  Act 
above  mentioned  the  following  words:  "Margarine 
shall  mean  any  article  of  food,  whether  mixed  with 
butter  or  not,  which  resembles  butter  and  is  not 
milk-blended  butter."  This  Act  also  gives  powers 
of  mspection  to  the  Board  of  Agriculture,  the  L.G.B. 
and  the  S.A.  over  all  processes  of  manufacture' 
blending,   reworking,  or  treatment  of   butter  and 
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similar  substances,  and  a  limit  is  laid  down  by  which 
not  more  than  16  per  cent,  of  moisture  is  permitted 
in  butter  and  margarine,  and  not  more  than  24  per 
cent,  in  milk-blended  butter.  Nor  may  such  goods 
be  imported.  New  powers  are  also  given  as  to  the 
proportion  of  milk  solids  in  butter,  as  to  the  making 
of  regulations  by  the  L.G.B.  for  prohibiting  the 
use  of  preservatives  in  butter,  margarine,  and  milk- 
blended  butter,  and  as  to  labelling  these  several 
articles. 

Sale  of  Horseflesli,  etc.,  Reg:iilatioii  Act, 
1889.— The  flesh  of  horses,  asses,  or  mules  must  not  be  sold 
or  kept  for  sale  for  human  food,  except  in  a  shop  or  stall  over 
or  upon  which,  is  placed  conspicuously,  in  legible  characters 
4  in,  long,  an  announcement  that  horseflesh  is  sold  there. 
If  otherwise,  the  M.O.H.  or  inspector  may  seize  the  meat 
and  carry  it  before  a  magistrate,  who  may  order  as  to  its 
disposal  as  he  thinks  fit ;  and  the  offender  is  liable  to  penalty. 
These  conditions  apply  to  such  flesh  cooked  or  uncooked,  and 
alone  or  mixed  with  other  substances.  It  is  illegal  to  supply 
horseflesh  for  human  food  to  a  purchaser  asking  for  other  meat, 
or  for  a  compounded  article  not  usually  made  of  horseflesh. 

The  Rivers  Pollution  Prevention  Act, 
18Y6,  deals  separately  with  {a)  solid  matters,  (6) 
sewage,  (c)  trade  eflfluents,  and  {d)  mining  effluents. 

{a)  No  solid  refuse  of  any  kind  mav  be  put  into 
any  stream,  so  as  to  interfere  with  its  due  flow  or  to 
pollute  its  waters  (s.  2).* 

(h)  No  solid  or  liquid  sewage  matter  may  be 
passed  into  any  stream  ;  but  as  regards  conditions  in 
existence  prior  to  1876  no  offence  is  committed  under 
this  Act  if  it  is  shown  that  the  best  practicable  and 
available  means  are  being  used  to  render  harmless  the 
sewage  entering  the  stream  (s.  3). 

(c)  No  poisonous,  noxious,  or  polluting  liquid  from 
any  factory  or  manufacturing  process  may  be  passed 
into  any  stream.  The  saving  clause  as  to  conditions 
existent  prior  to  1876  is  repeated  here  (s.  4). 

•  See  also  Public  Health  Acts  Amendment  Act,  1S90  (p.  689). 
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(d)  No  solid  matter  from  mines  may  be  put  into 
any  stream  so  as  prejudicially  to  affect  its  flow  ;  nor 
may  any  poisonous,  noxious,  or  polluting  solid  or 
liquid  matter  from  mines  be  passed  into  any  stream, 
other  than  water  in  the  same  condition  in  which  it 
has  been  raised  or  drained  from  such  mine  (s.  5). 

Proceedings  may  be  instituted,  in  respect  of  pollu- 
tion of  streams  by  sewage  or  solid  matters,  by  any 
private  person  or  S.A.  aggrieved  (s.  8) ;  but  in 
respect  of  manufacturing  or  mining  effluents  S.A.'s 
only  can  take  action,  and  subject  to  the  approval  of 
the  L.G.B.  The  Board,  in  giving  or  withholding 
consent,  shall  have  regard  to  the  industrial  interests 
involved,  and  the  circumstances  and  requirements 
of  the  locality.  They  shall  not  give  their  con- 
sent to  proceedings  by  the  S.A.  of  a  district  which 
is  the  seat  of  any  manufacturing  industry,  unless 
they  are  satisfied,  after  due  inquiry,  that  means  for 
rendering  harmless  the  effluents  from  such  manufac- 
turing processes  are  reasonably  practical  and  avail- 
able, and  that  no  material  injury  to  the  interests  of 
such  industry  will  be  caused  by  the  proceedings 
(s.  6).  Any  person  interested  may  call  the  attention 
of  the  S.A.  to  pollution  by  manufacturing  or  mining 
effluents,  and,  if  the  S.A.  refuse  to  move,  may  appeal 
to  the  L.G-.B.,  and  the  Board  may,  after  due  inquiry, 
direct  the  Authority  to  take  proceedings  (s.  6). 

The  S.A.  must  afford  facilities  for  admitting  trade 
effluents  into  sewers,  unless  they  would  prejudicially 
affect  the  sewers  or  interfere  with  the  disposal  of  the 
sewage,  or  be  injurious  in  a  sanitary  point  of  view, 
from  their  temperat  ure  or  otherwise  j  or  unless  the 
sewers  are  only  large  enough  for  the  ordinary  require- 
ments of  the  district  (s.  7). 

[S.  14  of  the  Local  Government  Act,  1888,  confers 
upon  County  Councils  the  powers  of  S.A.'s  under  the 
Rivers  Pollution  Prevention  Act;  and  enables  the 
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L.G.B.  to  form  a  joint  committee  representing  all  the 
administrative  counties  through  or  Vjy  which  a  river, 
or  any  specified  portion  of  a  river,  or  any  tributary 
thereof,  passes,  and  to  confer  upon  the  joint  committee 
all  or  any  of  the  powers  of  a  S.A.  under  the  Act.] 

The    Royal    Commission  on    Sewage  Disposal 
recommended  in  1903  the  formation  of  River  Boards 
throughout  the  country  composed  of  joint  committees 
of  County  Councils    for   the  piirpose  of  properly 
enforcing  the  R.RP.  Act.    Such  Boards  have  the 
advantage    of  jurisdiction   over   the   whole   of  a 
drainage  area  and  are  sufficiently  large  to  secure 
the   appointment   of   skilled   officers.     Some  have 
extended  powers  under  special  Acts.    Many  methods 
are  now  available  for  the  treatment  of  sewage  at 
moderate  cost,  in  such  manner  as  to  deprive  it  of  most, 
if  not  all,  of  its  impurities,  leaving  an  effluent  which 
may  be  passed  into  streams  without  material  ill  effect. 
As  to  trade  pollutions,  until  recently  comparatively 
little   had  been  done.    The  diflSiculties,  both  legal 
and    sanitary,  are  far  greater  than  in  respect  of 
domestic  or  town  sewage.    Now.  however,  the  treat- 
ment of  sewage  raixpd  with  trade  effluents  is  being 
practically  dealt  with  and  presents  le!-s  difficulty  where 
manufacturers  adopt  reat?0Babl3  means  for  removing 
the  solids,  equalizing  the  discharge,  and,  when  neces- 
sary,  neutralizing  the  trade  effluent. 

A  short  oxi)lanatory  Act  (R.P.R.  Act,  18D.3)  re- 
moves a  technical  difflculty  liable  to  be  raised  by  S.A.'s 
seeking  to  evade  their  responsibilities  under  s.  3. 

Canal  Boats  Act,  IST-y.— The  term  "canal" 
includes  all  navigable  waters,  tidal  or  otherwise,  within 
the  body  of  a  county,  and  the  term  "canal  boat" 
includes  every  vessel.,  however  propelled,  used  for 
conveyance  of  goods  along  such  waters,  but-  does 
not  include  a  ship  registered  under  the  Merchant 
Shipping  Act,  unless  the  L.G.B.  orders  otherwise. 
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No  canal  boat  may  be  occupied  as  a  dwelling  unless 
it  is  registered  under  this  Act,  and  then  only  by 
the  number  of  persons  of  the  age  and  sex  for  which 
it  is  registered  (s.  1).  The  registration  authority 
must  be  a  S.A.  whose  district  abuts  on  the  canal  on 
which  the  boat  is  intended  to  ply ;  and  the  boat  must 
be  registered  as  belonging  to  some  place  which  is 
within  the  said  district,  and  which  is  also  within 
a  school  district  (s.  7).  Upon  registration  two 
certificates  must  be  given  to  the  owner,  identifying  the 
owner  and  the  boat,  and  stating  the  place  to  which  it 
belongs,  and  the  number,  age,  and  sex  of  persons 
allowed  to  dwell  in  the  boat.  The  master  of  the  boat 
must  carry  one  of  these  certificates.  Every  registered 
boat  must  have  conspicuously  painted  upon  it  the 
i-egistered  number,  the  place  to  which  it  belongs,  and 
the  word  "  registered "  (s.  3).  If  any  person  on 
a  canal  boat  is  suffering  from  an  infectious  disease,  the 
S.A.  of  the  place  where  the  boat  is  shall  adopt  such 
precautions  as  appear  necessary,  upon  the  certificate 
of  the  M.O.H.  or  other  legally  qualified  practitioner ; 
and  may  remove  such  sick  person  and  exercise  the 
other  powers  conferred  by  the  Public  Health  Act  in 
this  respect;  and  may  detain  the  boat  as  long  as 
is  necessary  for  cleansing  and  disinfecting  (s.  4). 
If  any  person  duly  authorized  by  the  S.A.  has  reason 
to  suspect  any  contravention  of  the  Act,  or  that  a 
person  on  board  is  suffering  from  an  infectious  disease, 
he  may  enter  the  boat  for  the  purpose  of  inspection 
between  6  a.m.  and  9  p.m.,  and  may  require  the  master 
of  the  boat  to  afford  him  facilities  for  so  doing,  and  to 
produce  the  certificate  of  registry  of  the  boat  (s?  5). 

The  second  section  directs  the  L.G.B.  to  make 
regulations  (i.)  for  the  registration  of  canal  boats  ; 
(ii-)  for  lettering,  marking,  and  numbering  such 
Ijoats;  (iii.)  for  fixing  the  number,  age,  and"  sex  of 
persons  who  may  be  allowed  to  dwell  in  a  canal  boat, 
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having  regard  to  the  cubic  space,  ventilation,  separa- 
tion of  the  sexes,  general  healthiness,  and  convenience 
of  accommodation  ;  (iv.)  for  promoting  cleanliness  and 
habitable  condition  of  such  boats ;  and  (v.)  for  pre- 
venting the  spread  of  infectious  disease  by  canal  boats. 

Such,  regulations  were  accordingly  issued  b)'  the  L.G.B. 

in  1878,  and  the  following  is  a  summary  of  their  principal 

sanitary  provisions  : — 

There  must  be  at  least  one  dry,  clean,  weatherproof 
cabin,  in  good  repair.  An  after -cabin  intended  to  be  used 
as  a  dwelling  must  contain  not  less  than  180  cub.  ft.  of 
free  air  space,  and  a  fore-cabin  80  cub.  ft. ;  every  such 
cabin  must  have  means  of  ventilation  besides  the  door, 
and  must  be  so  constructed  as  to  provide  adequate  sleeping 
accommodation.  One  cabin  must  contain  a  stove  and 
chimney.  The  boat  must  be  furnished  with  suitable 
storage  for  three  gallons  of  water.  If  intended  to  be 
ordinarily  used  for  foul  cargoes,  the  hold  must  be  separ- 
ated from  any  inhabited  cabin  by  a  double  bulkhead  with 
an  interspace  of  four  inches,  and  the  bulkhead  next  the 
cargo  must  be  water-tight.  Not  less  than  60  cub.  ft.  of 
ail-  spjice  mi^st  be  allowed  for  each  person  over  twelve 
years  of  age,  and  not  less  than  40  cub.  ft.  for  each 
person  under  that  age.  In  "  fly-boats  "  worked  by  shifts, 
a  cabin  occupied  at  the  same  time  by  two  persons  must 
have  a  capacity  of  180  cub.  ft.  A  cabin  in  which  a 
man-ied  couple  sleep  must  not  be  occupied  at  the  same 
time  by  any  other  male  above  14,  or  female  above  12 
years  of  age.  Males  above  14  and  females  above  12 
years  of  age  must  not  occupy  the  same  sleeping  cabin  at 
the  same  time,  but  reservation  is  made  for  married  couples, 
and  also  (under  certain  conditions)  in  respect  of  boats  con- 
structed prior  to  1878.  The  interior  of  the  cabin  must  be 
repainted  every  three  years,  and  must  be  kept  cleam 
JBil"-e  water  must  be  pumped  out  daily.  The  master  ot 
the  boat  must  at  once  notify  the  occurrence  of  any  case  of 
infectious  disease  on  the  boat  to  the  S.A.  of  the  district 
through  which  the  boat  may  be  passing,  and  also  to  the 
S  A  of  the  place  of  destination ;  he  must  also  inform 
the  owner,  who  is  required  to  notify  the  S.A.  ot 
the  place  to  which  the  boat  belongs._  U  the  boat  is  de- 
tained by  the  S.A.  for  purposes  of  disinfection  the  fa.A. 
must  obtain  a  medical  certificate  that  the  boat  has  been 
cleansed  and  disinfected,  and  must  give  it  to  the  master. 


XVIII]  DAIRIES,  COWSHEDS,  MILKSHOPS  625 


The  Canal  Boats  Act,  18§4,  amends  the  1877 
Act  in  certain  details,  and  makes  it  incumbent  upon 
every  S.A.  through  whose  districts  any  canal  passes  to 
enforce  the  provisions  of  the  Act  and  Regulations,  and 
to  make  an  annual  report  upon  the  subject  to  the 
L.G.B.*  The  Board  is  required  to  make  inquiries 
from  time  to  time  (by  an  inspector  or  inspectors 
specially  appointed  for  the  purpose)  as  to  the  working 
of  the  Acts  and  Regulations,  and  to  report  annually 
thereon  to  Parliament. 

The  Dailies,  Cowsheds,  and  Milksliops 
Order  of  1885  was  made  by  the  Piivy  Council 
under  s.  34  of  the  Contagious  Diseases  (Animals)  Act 
of  1878.  An  amending  Act  (C.D.A.  Act,  1886) 
transferred  to  the  L.G.B.  the  powers  of  the  Privy 
Council  under  this  section,  and  the  D.C.  and  M.  Amend- 
ing Order,  1886,  substituted  the  Board  for  the  Privy 
Council  and  remedied  certain  omissions  in  reo-ard  to 
penalties,  giving  the  Order  the  force  of  law!  The 
D.C.  and  M.  Order  of  1899  amended  the  previous 
Orders  by  including  tuberculosis  among  the  infective 
diseases  on  the  occurrence  of  which  milk  should  not 
be  sold  under  s.  15.  The  effect  of  the  three  Ordei-s 
is  to  throw  upon  every  S.A.  the  duty  of  supervising 
the  milk  trade  in  their  district,  and  of  carrying  out 
certain  general  regulations  prescribed  by  the  Orders. 
These  duties  are  common  to  all  districts  alike,  but  any 
S.A.  may  arm  itself  with  further  powers  by  makino- 
Regulations  under  s.  13,  having  the  force  of  bye-law&\ 
The  chief  provisions  of  the  Orders  are  summarized 
below  : — 

Section  6.  (1 )  It  shall  not  be  lawful  for  any  person 
to  carry  on  .  .  .  the  trade  of  cowkeeper,  dairyman, 

*  This  report  has  to  he  drawn  ni,  in  prescribed  form  and  must  include 
particulars  as  to  registration,  notification  of  change  of  master,  certHicate 
inaikmgof  boat,  overcrowding,  separation  of  sexes,  cleanliness   venti  a 
tion,  painting  provision  of  water  cask,  removal  of  bilge  water,  no'tificat  on 
of  infectious  .disease,  and  admittauce  of  inspector  "ouiitaiion 
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or  purveyor  of  milk  unless  he  is  registered  as  below. 
(2)  Eveiy  S.A.  .shall  keep  a  register  of  such  persons, 
and  shall  from  time  to  time  revise  and  correct  the 
registei-.  (3)  The  S.A.  shall  register  every  such 
person,  but  registration  shall  not  be  deemed  to 
authorize  such  person  to  occupy  as  a  dairy  or 
cowshed  any  particular  building,  or  preclude  pro- 
ceedings. (4)  The  S.A.  shall  from  time  to  time 
give  public  notice  of  registration  being  required, 
and  of  the  mode  of  registration.  (5)  A  person  who 
carries  on  the  trade  of  cowkeeper  or  dairyman  for 
the  purpose  only  of  making  and  selling  butter  or 
cheese,  or  both,  and  who  is  not  also  a  purveyor  of  milk, 
need  not  be  registered.  (6)  A  person  who  sells  milk 
of  his  own  cows  in  small  quantities  to  his  workmen 
or  neighbours  for  their  accommodation  need  not,  by 
reason  thereof,  be  registered. 

Section  7.  (1)  It  shall  not  be  lawful  to  begin  to 
occupy  as  a  dairy  or  cowshed  any  building  not  so  oc- 
cupied at  the  commencement  of  this  Order  until  pro- 
vision is  made,to  the  reasonable  satisfaction  of  the  S.A., 
for  the  lighting  and  ventilation,  including  air-space, 
and  the  cleansing,  drainage,  and  water-supply ;  or  (2) 
without  first  giving  one  month's  notice  in  writing  to 
the  S.A. 

Section  8.  It  shall  not  be  lawful  to  occupy  as  a  dairy 
or  cowshed  any  building — whether  so  occupied  at  the 
commencement  of  this  Order  or  not— if  ....  the 
lighting  and  ventilation,  including  air-space,  and  the 
cleansing,  drainage,  and  water  supply  thereof,  are  not 
such  as  are  necessary  or  proper  {»)  for  the  health  and 
good  condition  of  the  cattle  therein  ;  {h)  for  the 
cleanliness  of  milk-vessels  used  thereur  for  containing 
milk  for  sale  ;  and  (c)  for  the  protection  of  the  milk 
therein  against  infection  or  contamination. 

Section 'd.  It  shall  not  be  lawful  for  any  .  .  .  . 
cowkeeper,  or  dairyman,  or  purveyor  of  milk,  or 
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occupier  of  a  milkshop  {a)  to  allow  any  person  suffer- 
ing from  a  dangerous  infectious  disorder,  or  having 
recently  been  in  contact  with  a  person  so  suffering,  to 
milk  cows  or  to  handle  vessels  used  for  containing 
milk  for  sale,  or  in  any  way  to  take  part  or  assist  in 
the  conduct  of  the  trade  ....  so  far  as  regards  the 
production,  distribution,  or  storage  of  milk  ;  or  {h)  if 
himself  so  suffering,  or  having  recently  been  in  contact 
as  aforesaid,  to  milk  cows  or  handle  vessels  containing 
milk  for  sale,  or  in  any  way  to  take  part  in  the 
conduct  of  his  trade  as  far  as  regards  the  produc- 
tion, distribution,  or  storage  of  milk ;  until,  in 
each  case,  all  danger  therefrom  of  the  communication 
of  infection  to  the  milk  or  of  its  contamination  has 
ceased. 

Section  10.  It  shall  not  be  lawful  for  any  .... 
cowkeeper,  dairyman,  or  purveyor  of  milk,  or  ...  . 
occupier  of  a  milk-store  or  milkshop,  after  the  receipt 
of  notice  of  not  less  than  one  month  from  the  Local 
Authority  calling  attention  to  the  provisions  of  this 
Article,  to  permit  any  water-closet,  earth-closet,  privy, 
cesspool,  or  urinal  to  be  within,  communicate  directly 
with,  or  ventilate  into,  any  dairy  or  any  room  used  as 
a  milk  store  or  milkshop. 

Section  11.  It  shall  not  be  lawful  for  any  .... 
cowkeeper,  or  dairyman,  or  purveyor  of  milk",  or 
occupier  of  a  milk-store  or  milkshop,  to  use  a  milk- 
store  or  milkshop  in  his  occupation,  or  permit  the 
same  to  be  used,  as  a  sleeping  apartment,  or  for  anv 
purpose  incompatible  with  the  proper  preservation  of 
the  cleanliness  of  the  milk-store  or  milkshop,  and 
of  the  milk-vessels  and  milk  therein,  or  in'  any 
manner  likely  to  cause  contamination  of  the  milk 
therein. 

Section  12.  It  shall  not  be  lawful  for  any  . 
cowkeeper,  or  dairyman,  or  purvevor  of  milk  to  keep 
any  swme  m  any  ....  building  used  by  him  for 
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keeping  cows,  or  in  any  milk  store  or  other  place  used 
by  him  for  keeping  milk  for  sale. 

Section  13.  Any  S.A.  may  make  regulations. 
(a)  for  the  inspection  of  cattle  in  dairies ;  (6)  for 
prescribing  and  regulating  the  lighting,  ventila- 
tion,* cleansing,  drainage,  and  water  supply,  of  dairies 
and  cowsheds  .  .  .  .;  (c)  for  securing  the  cleanliness 
of  milk-stores,  milkshops,  and  milk-vessels  used  for 
containing  milk  for  sale ;  and  {d)  for  prescribing 
precautions  to  be  taken  by  purveyors  of  milk,  and 
persons  selling  milk  by  retail,  against  infection  or 
contamination. 

Section  14.  The  following  provisions  shall  apply  to 
regulations  made  by  any  S.A.  under  this  Order  : 

(1)  Every  regulation  shall  be  published  by  advertise- 
ment  in   a  newspaper  circulating  in  the  district. 

(2)  The  S.A.  shall  send  to  the  L.G.B.  a  copy 
of  every  regulation  at  least  a  month  before  the  date, 
of  oper  ition.  (3)  The  L.G.B.  may  at  any  time  revoke 
any  regulation  if  satisfied  on  inquiry  that  it  is  too 
restrictive  or  otherwise  objectionable. 

Section  15.  The  milk  of  a  cow  suflfering  from 
cattle-plague,  pleuro-pneumonia,  or  foot-and-mouth 
disease  {a)  shall  not  be  mixed  with  other  milk ; 
(6)  shall  not  be  sold  or  used  for  human  food  ;  and  (c) 
shall  not  be  sold  or  used  for  food  of  animals,  unless 
it  has  been  boiled.  Tuberculosis  is  now  included  in 
this  section  under  the  D.C.  and  M.O.  of  1899. 

The  following  Model  Regulations  under  s.  13  of 
the  Order  have  been  drawn  up  by  the  L.G.B.  for  Dairies, 
Cowsheds  and  Milkshops. 

Interpretation. 

1  The  expression  "cowshed  "  includes  any  daii-y  in  which 
milking  cows  may  be  kept,  and  the  expression  "  cowkeeper 

*  Where  a  ininiiiinm  cubic  si-ace  is  .specified  for  cowshed.s  in  such 
Regulations,  the  L.G.B.  have  suggested  800  cub.  ft.  per  head,  but  in 
many  districts  a  lower  standard  has  been  adopted. 
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means  any  person  following  the  trade  of  a  cowkeeper  or 
dairyman  required  to  be  registered  under  the  Order  of  1885. 

For  the  Inspection  of  Cattle  in  I>airies. 

2.  Every  occupier  of  a  dairy  wherein  any  cattle  may  be 
kept,  and  which  the  M.O.H.,  or  the  Inspector  of  Nuisances, 
or  any  other  officer  of  the  Council  specially  authorized  by 
them  in  that  behalf,  may  visit  for  the  purpose  of  inspecting 
cattle,  and  every  person  for  the  time  being  having  the  care  or 
control  of  any  such  dairy,  or  of  any  cattle  therein,  shall  afford 
siich  officer  all  reasonable  assistance  that  may,  for  the  purpose 
of  the  inspection,  be  required  by  him. 

For  Prescribing  and  Regulating  the  Lighting,  Ventila- 
tion, Cleansing,  Drainage,  and  Water  Supply  of 
Cowsheds  and  Dairies. 

Part  I. 

T7ie  regulations  in  this  Part  shall  apply  to  cotvsheds  the  cotes  from 
xvhich  are  habitually  grazed  on  grass  land  during  the  greater 
part  of  the  year,  and  when  not  so  grazed  are  habitually  turned 
out  during  a  portion  of  each  day. 

3.  lighting.— Bvevy  cowkeeper  shall  provide  that  every 
cowshed  in  his  occupation  shall  be  sufficiently  lighted  with 
windows,  whether  in  the  sides  or  roof  thereof,  ° 

4.  Ventilation.— Every  cowkeeper  shall  cause  every  cow- 
shed in  his  occupation  to  be  sufficiently  ventilated,  and  for  this 
purpose  to  be  provided  with  a  sufficient  number  of  openino's 
into  the  external  air  to  keep  the  air  in  the  cowshed  in  a  whole- 
some condition. 

5.  Cleansing.— (I)  Every  cowkeeper  shall  cause  every  part 
of  the  interior  of  every  cowshed  in  his  occupation  to  be 
thoroughly  cleansed  from  time  to  time  as  often  as  may  be  so 
necessary  to  secure  that  such  cowshed  shall  be  at  all  times 
reasonably  clean  and  sweet. 

(2)  Such  person  shall  cause  the  ceiling  or  interior  of  the 
roof  and  walls  of  every  cowshed  in  his  occupation  to  be 
properly  limewashed  twice  at  least  in  every  year,  that  is  to  say 
once  during  the  month  of  May  and  once  during  the  month  of 
October,  and  at  such  other  times  as  may  be  necessarv 

Provided  that  this  requirement  shall  not  apply  to  any  part 
of  such  celling,  roof,  or  walls  that  may  be  properlv  painted  or 
varnished,  or  constructed  of  or  covered  with  any  material  such 
as  to  render  the  hmowashing  unsuitable  or  inexpedient,  and 
that  may  be  otherwise  properly  cleansed. 

(3)  He  shall  cause  the  floor  of  every  such  cowshed  to  be 
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thoroughly  swept,  and  all  dung  and  other  offensive  matter  to 
be  removed  from  such  cowshed  as  often  as  may  bo  necessary, 
and  not  less  than  once  in  every  day. 

6.  Drainage. — (1)  Every  cowkeeper  shall  cause  the  drain- 
age of  every  cowshed  in  his  occupation  to  be  so  arranged 
that  all  liquid  matter  which  may  fall  or  be  cast  upon  the  tloor 
may  be  conveyed  by  a  suitable  open  channel  to  a  drain  inlet 
situate  in  the  open  air  at  proper  distance  from  any  door  or 
window  of  such  cowshed,  or  to  some  other  suitable  place  of 
disposal  which  is  so  situate. 

(2)  He  sha.ll  not  cause  or  suffer  any  inlet  to  any  drain  of 
such  cowshed  to  be  within  such  cowshed. 

7.  Water  supply. — (1)  Every  cowkeeper  shall  keep  in,  or 
in  connexion  with,  every  cowshed  in  his  occupation  a  supply 
of  water  suitable  and  sufficient  for  all  such  purposes  as  may 
from  time  to  time  be  reasonably  necessary. 

(2)  He  shall  cause  any  receptacle  which  may  be  provided 
for  such  water  to  be  emptied  and  thoroughly  cleansed  from 
time  to  time  as  often  as  may  be  necessary  to  prevent  the  pollu- 
tion of  any  water  that  may  be  stored  therein,  and  where  such 
receptacle  is  used  for  the  storage  only  of  water  he  shall  cause 
it  to  be  properly  covered  and  ventilated,  and  so  placed  as  to  be 
at  all  times  readily  accessible. 

Part  II. 

The  regulations  in  Fart  I.,  and  also  the  following  regulation, 
shall  appUj  to  all  coivshcds  other  than  those  the  cows  from  which 
are  habitually  grazed  on  grass  land  during  the  greater  part  of 
the  year,  and  when  not  so  grazed  are  habitually  turned  out 
during  a  po7-tio)i  of  each  day. 

8.  A  cowkeeper  shall  not  cause  or  allow  any  cowshed  in 
his  occupation  to  be  occupied  by  a  larger  number  of  Cows  than 
will  leave  not  less  than  eight  hundred  cubic  feet  of  air-space  for 
each  cow. 

Provided  as  follows  : — 

(a)  In  calculating  the  air-space  for  the  purposes  of  this 
regulation,  no  space  shall  be  reckoned  which  is  more 
than  sixteen  feet  above  the  floor;  but  if  the  roof  or  ceiling 
is  inclined,  then  the  mean  height  of  the  same  above  the 
floor  may  be  taken  as  the  height  thereof  for  the  purposes  of 
this  regulation. 

(b)  This  regulation  shall  not  apply  to  any  cowshed  con- 
structed and  used  before  the  date  of  these  regulations 
coming  into  effect,  until  two  years  after  that  date. 
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Paut  III. 

9.  In  this  Part  the  expression  "  dairy  "  means  a  dairy  in 
which  cattle  are  not  kept. 

10.  Lighting. — Every  cowkeeper  shall  provide  that  every 
dairy  in  his  occupation  shall  be  sufficiently  lighted  with 
windows,  whether  in  the  sides  or  roof  thereof. 

11.  Ventilation. — Every  cowkeeper  shall  cause  every  dairy 
in  his  occupation  to  be  sufficiently  ventilated,  and  for  this  pur- 
pose to  be  provided  with  a  sufficient  number  of  openings  into 
the  external  air  to  keep  the  air  in  the  dairy  in  a  wholesome 
condition. 

12.  Cleansing.— {\)  Every  cowkeeper  shall  cause  every 
part  of  the  interior  of  every  dairy  in  his  occupation  to  be 
thoroughly  cleansed  from  time  to  time  as  often  as  may  be 
necessary  to  secure  that  such  dairy  shall  be  at  all  times  reason- 
ably clean  and  sweet. 

(2)  He  shall  cause  the  floor  of  every  such  dairy  to  be 
thoroughl}^  cleansed  with  water  at  least  ohce  in  every  day. 

13.  Drainage. — -(I)  Every  cowkeeper  shall  cause  the  drain- 
age of  everj"-  dairy  in  his  occupation  to  be  so  arranged  that  all 
liquid  matter  which  may  fall  or  be  cast  upon  the  floor  may  be 
conveyed  by  a  suitable  opening  channel  to  the  outside  of  such 
dairy,  and  may  there  be  received  in  a  suitable  gully  communi- 
cating with  a  proper  and  sufficient  drain. 

(2)  He  shall  not  cause  or  suffer  any  inlet  to  any  drain  of 
such,  dairy  to  be  within  such  dairy. 

14.  Water  supply. — (1)  Every  cowkeeper  shall  cause  every 
dairy  in  his  occupation  to  be  provided  with  an  adequate  supply 
of  good  and  wholesome  water  for  the  cleansing  of  such  dairy 
and  of  any  vessels  that  may  be  used  therein  for  containing 
milk,  and  for  all  other  reasonable  and  iiecessary  purposes  in 
connexion  with,  the  use  thereof. 

(2)  He  shall  cause  every  cistern  or  other  receptacle  in 
which  any  such  water  may  be  stored  to  be  properly  covered  and 
ventilated,  and  so  placed  as  to  be  at  all  times  readily  accessible. 

(3)  He  shall  cause  everj'-  such  cistern  or  receptacle  to  be 
emptied  and  thoroughly  cleansed  from  time  to  time  as  often  as 
may  be  necessary  to  prevent  the  pollution  of  any  water  that 
may  be  stored  therein. 

FoK  Securing  the  Cleanliness  of  Milk- stores,  Milk- 
shops,  AND  OF  Milk-vessels. 

15.  Cleanliness  of  inilJc-stores  and  mil/cshops. — Every  oc- 
cupier of  a  milk-store  or  milkshop  shall  cause  every  part  of 
the  interior  of  such  milk-store  or  milkshop  to  be  thoroughly 


632 


SANITARY  LAW  [chap. 


cleansed  from  time  to  time  as  often  as  may  be  necessary  to 
maintain  such  milk-store  or  milkshop  in  a  thorough  state  of 
cleanliness. 

16.  Cleanliness  of  milk-vessels.  —  (1)  Every  cowkeeper 
shall  from  time  to  time,  as  often  as  may  he  necessary,  cause 
every  milk-vessel  that  may  be  used  by  him  for  containing 
milk  for  sale  to  be  thoroughly  cleansed  with  steam  or  clean 
boiling  water,  and  shall  otherwise  take  all  proper  precautions 
for  the  maintenance  of  such  milk-vessel  in  a  constant  state  of 
cleanliness. 

(2)  He  shall,  on  every  occasion  when  any  such  veEsel 
shall  have  been  used  to  contain  milk,  or  shall  have  been 
returned  to  him  after  having  been  out  of  his  possession,  cause 
such  vessel  to  be  forthwith  so  cleansed. 

For  Prescribing  Precautions  against  Infection 
OR  Contamination  of  IMilr. 

17.  (1)  Every  purveyor  of  milk  or  person  selling  milk  by 
retail  shall  take  all  reasonable  and  proper  precautions,  in  and 
in  connexion  with  the  storage  and  distribution  of  the  milk, 
and  otherwise,  to  prevent  the  exposure  of  the  milk  to  any 
infection  or  contamination. 

(2)  He  shall  not  deposit  or  keep  any  milk  intended  fur 
sale — 

(a)  in  any  room  or  place  where  it  would  be  liable  to 
become  infected  or  contaminated  by  impure  air.  or  by  any 
offensive,  noxious,  or  deleterious  gas  or  substance,  or  bj' 
any  noxious  or  injurious  emanation,  exhalation,  or 
effluvium;  or 

(i)  in  any  room  used  as  a  kitchen  or  as  a  living 
room;  or 

(c)  in  any  room  or  building,  or  part  of  a  building, 
communicating  dii'ectlj'  by  door,  window,  or  otherwise 
with  any  room  used  as  a  sleeping  room,  or  in  which  there 
may  be  any  person  suffering  from  any  infectious  or  con- 
tagious disease,  or  which  may  have  been  used  by  any 
person  suffering  from  any  such  disease  and  may  not  have 
been  properly  disinfected  ;  or 

(rf)  in  any  room  or  building  or  part  of  a  building 
in  which  there  may  be  any  direct  inlet  to  any  drain. 

(3)  He  shall  not  keep  milk  for  sale,  or  cause  or  suffer  any 
such  milk  to  be  placed,  in  any  vessel,  receptacle,  or  utensil 
which  is  not  thoroughly  clean. 

(4)  He  shall  cause  every  vessel,  receptacle,  or  utensil  used 
by  him  for  containing  milk  for  sale  to  be  thoroughly  cleansed 
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with  steam  or  clean  boiling  water  after  it  shall  have  been  used, 
and  to  be  maintained  in  a  constant  state  of  cleanliness. 

(5)  He  shall  not  cause  or  suft'er  any  cow  belonging  to  him 
or  under  his  care  or  control  to  be  milked  for  the  purpose  of 
obtaining  milk  for  sale — 

(a)  unless,  at  the  time  of  milking,  the  udder  and  teats 
of  such  cow  are  thoroughly  clean ;  and 

{b)  unless  the  hands  of  the  person  millcing  such  cow, 
also,  are  thoroughly  clean  and  free  from  all  infection  and 
contamination. 

Penalties, 

18.  Every  person  who  shall  offend  against  any  of  the 
foregoing  regulations  shall  be  liable  for  every  such  offence  to 
a  penalty  not  exceeding  £5,  and  in  the  case  of  a  con- 
tinuing offence  to  a  further  penalty  not  exceeding  40s.  for 
each  day  after  written  notice  of  the  oft'ence  from  the  Council. 

Provided,  nevertheless,  that  the  Justices  or  Court  before 
whom  any  complaint  may  be  made  or  anj'  proceedings  may  be 
taken  in  respect  of  any  such  offence  may,  if  they  think  fit, 
adjudge  the  payment  as  a  penalty  of  any  sum  less  than  the 
full  amount  of  the  penalty  imposed  by  this  regulation. 

The  Public  Health  (London)  Act,  IS91, 

forms  a  sanitary  code  for  London,  and  includes  (with 
many  important  additions  and  amendments)  the  main 
provisions  of  the  Public  Health  Acts  and  the  Infectious 
J3iseases  Notification  and  Prevention  Acts.  A  brief 
summary  of  the  principal  points  of  divergence  from 
the  Acts  named  above  is  appended. 

Water  supply. — Absence  of  proper  water  supply, 
or  of  proper  fittings,  is  held  to  render  a  house  unfit  for 
habitation.  A  new  house  must  not  be  occupied  until 
the  S.A.  grant  a  certificate  that  it  has  a  proper  water 
supply.  A  water  company  cutting  off  the  supply  of 
any  house  must  give  immediate  notice  to  the  S.A. 
For  closure  of  polluted  wells,  etc.,  the  S.A.  have  only 
to  satisfy  the  Court  that  the  water  is  "so  polluted,  or 
likely  to  be  so  polluted,  as  to  be  injurious  or  dangerous 
to  health." 

Closets. — A  new  house  must  have  "  one  or  more 
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water-clobetSj  as  circumatauces  may  i-eiiuire,"  witli 
proj)er  water  supply  and  trapped  soil-pan,  and  other 
accessories.  The  same  applies  to  all  houses,  irrespec- 
tive of  date,  under  notice  from  the  S.A.  Substitution 
of  privies  or  eai'th-closets  is  only  permissible  if  the 
available  sewerage  or  water  supply  is  insufficient  for 
a  water-closet.  Penalties  are  prescribed  for  (a)  wil- 
fully injuring  any  drain  or  closet  or  water  supply  in 
connexion  therewith ;  (6)  discontinuing  any  such 
water  supply  without  lawful  authority  ;  and  (c)  so  con- 
structing or  repairing  a  water-closet  or  drain  that  it  is 
a  nuisance  or  injurious  to  health. 

Scavenging. — The  S.A.  must  cleanse  streets,  foot- 
paths, cesspits,  earth- closets,  privies,  and  cesspools. 
They  must  remove  house-refuse  at  proper  intervals  ; 
and  trade  refuse  also,  if  required  to  do  so,  on  payment. 
They  may  undertake  the  collection  of  manure  and 
other  refuse,  on  request ;  or  may,  by  order,  require 
periodical  removal  by  the  owner. 

Cellar  dwellings — No  underground  room  not  let 
or  occupied  separately  as  a  dwelling  before  J anuary  1st, 
1892,  can  be  so  let  or  occupied,  unless — 

[a)  Every  part  is  7  feet  high,  and  at  least  3 
feet  above  the  level  of  the  adjoining  ground  ;  but  if 
the  outside  area  is  G  feet  wide,  or  if  its  width  is  not 
less  than  the  depth  of  the  floor  below  ground-level, 
then  only  one  foot  of  the  height  need  be  above  the 
ground-level ; 

(6)  Every  wall  has  a  damp-course,  and  if  in  con- 
tact with  the  soil,  is  effectually  secured  from  damp 
from  the  soil ; 

(c)  There  is  an  open  area  outside  along  the  whole 
frontage,  4  feet  wide  in  every  part,  and  6  inches 
below  the  floor-level ;  it  may  be  crossed  by  steps,  but 
not  opposite  a  window  ; 

(d)  The  area  and  the  soil  immediately  below  the 
room  are  effectually  drained 


xviii]  PUBLIC  HEALTH  (LONDON)  ACT  635 


(e)  'J'he  hollow  space  (if  any)  below  the  'llooi'  is 
ventilated  to  the  outer  air ; 

{/)  Any  drain  under  the  room  is  made  of  gas-tight 
pipe; 

((/)  The  room  is  effectually  secured  against  the 
rising  of  any  effluvia  or  exhalation  ; 

ill)  There  is  proper  water-closet  and  ashpit  accom- 
modation ; 

{i)  There  is  effectual  ventilation  ; 

(j)  There  is  a  fire-place,  with  chimney  ; 

{k)  There  are  one  or  more  windows  opening  di- 
rectly into  the  open  air ;  the  window-area  being  at 
least  one-tenth  of  the  floor  area,  at  least  half  made  to 
open,  and  in  each  case  opening  to  the  top. 

The  same  conditioas  apply  to  underground  rooms 
occupied  separately  as  dwellings  before  January  1st, 
1892  ;  but  the  S.A.,  either  by  general  regulations 
or  upon  special  application  by  the  owner,  may  modify 
any  conditions  newly  imposed  by  this  Act  which 
involve  structural  altei-ation  of  the  buildins;. 

Keeping  of  animals. — Swine  must  not  be  keiDt 
within  forty  yards  of  a  street  or  public  place,  nor  be 
allowed  to  stray  in  any  public  place.  A  Court  may 
prohibit  the  keeping  of  any  animal  in  any  specified 
place  shown  to  be  unfit  for  the  purpose. 

Offensive  trades. — None  of  the  following  must  be 
established  anew  in  London  :  Blood  -  boiling,  bone 
boiling,  manure  manufacture,  soap-boiling,  tallow- 
melting,  or  knacker's  yard.  Nor  any  of  the  following, 
without  the  sanction  of  the  County  Council :  Fell- 
monger,  tripe-boiling,  slaughtering  of  cattle  or  horses, 
or  other  business  which  the  County  Council  may, 
with  the  approval  of  the  L.G.B.,  add  to  the  list. 
Slaughter-houses  and  knackers'  yards  must  obtain 
licences,  issued  by  the  County  Council,  lasting  for 
one  year  only,  but  renewable  at  the  discretion  of  the 
County  Council.    The  same  applies  to  cowsheds. 
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Notification  is  conapulsoiy.  The  medical  cer- 
tificate must  state  the  patient's  full  name,  postal 
address,  age,  sex,  whether  attended  in  public  or 
private  practice  ;  if  in  hospital,  the  date  of  admission, 
and  the  place  from  which  brought.  The  M.O.H. 
must,  within  twelve  hours  of  receipt,  send  a  copy 
of  the  certificate  to  the  Metropolitan  Asylums 
Board,  and  another  to  the  head-teacher  of  the  schools 
attended  by  the  patient  or  by  other  inmates  of  the 
house.  The  Asylums  Board  must  furnish  to  the 
County  Council,  and  to  every  M.O.H,,  such  weekly 
returns  of  certificates  so  received  by  them  as  the 
County  Council  may  prescribe.  Any  S.A.  may,  with 
the  consent  of  the  L.G.B.,  add  other  dangerous  in- 
fectious diseases  to  the  list,  temporarily  or  perma- 
nently, and  the  County  Council  have  like  power  for 
the  county  as  a  whole. 

Isolation. — A  person  who  knows  himself  to  be 
suflFering  from  a  dangerous  infectious  disease  must  not 
milk  any  animal,  or  pick  fruit,  or  engage  in  any 
business  in  such  manner  as  to  be  likely  to  spread  the 
disease.  He  must  not  enter  any  public  conveyance,  nor 
must  any  other  person  place  him,  or  convey  him,  in  such. 

Disinfection  Every  S.A.  must  provide  disinfect- 
ing apparatus. 

Mortuaries.— Every  S.A.  must  provide  a  mortu- 
ary; the  addition  of  a  room  for  post-mortems  is 
optional,  unless  ordered  by  the  County  Council.  The 
County  Council  may  provide  other  mortuaries  wherein 
bodies  may  be  kept  for  identification,  and  must  pro- 
vide proper  accommodation  for  inquests. 

Appointment  of  M.O.H.  must  not  be  for  a  limited 
period  only.  It  is  not  terminable  by  the  S.A.  without 
the  consent  of  the  L.G.B.  The  M.O.H.  must  live  in 
his  district,  or  within  a  mile  of  the  boundary.  He 
must  be  qualified  as  stated  on  p.  546. 

Sanitary  Inspectors  appointed  after  .January  1st, 
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1895  (if  they  have  not  held  office  as  sanitary  inspector 
during  three  consecutive  years  prior  to  that  date  m  a 
London  district  or  in  an  urban  district  outside  London 
with  a  population  of  not  less  than  20,000),  must  hold  a 
certificate  of  competence  granted  after  examination  by 
such  body  as  the  L.G.B.  may  from  time  to  time 
approve.* 

Default  of  S.A  In  the  event  of  default  of  the  S.  A. 

with  respect  to  the  removal  of  any  nuisance,  the  insti- 
tution of  any  proceedings,  or  the  enforcement  of  any 
bye-law,  the  County  Council  may  act  in  their  stead, 
and  recover  the  expenses  from  the  S.A.  If  the  L.G.B. 
are  satisfied,  upon  complaint  from  the  County  Council 
and  after  due  inquiry,  that  the  S.A.  have  made  default 
in  carrying  out  any  part  of  this  Act,  they  may  order 
the  S.A.  to  perform  the  duty  within  a  specified  time  ; 
and  if  this  is  not  done,  the  order  may  be  enforced  by 
mandamus,  or  the  L.G.B.  may  appoint  the  County 
Council  to  perform  such  duty,  at  the  cost  of  the  S.A, 

By e= laws. — ^The  London  County  Council  must 
make  bye-laws — 

(1)  As  to  the  time  and  manner  of  conveying  oflen- 
sive  mattei's  by  road  or  water. 

(2)  As  to  the  closure  and  filling  up  of  cesspools 
and  privies,  removal  and  disposal  of  refuse,  and  duties 
of  householders  in  facilitating  removal  of  house  refuse. 

(3)  As  to  water-closetSj  earth-closets,  ashpits,  cess- 
pools, and  receptacles  for  dung,  and  the  proper  acces- 
sories thereof  in  connexion  with  new  or  old  buildings. 

They  ')nay  also  make  bye-laws  as  to  the  conduct  of 
certain  offensive  trades,  the  buildings  in  which  they 
are  carried  on,  and  the  mode  of  application  for  sanction. 
These  trades  are  fell  monger,  tripe-boiler,  slaughterer 
of  cattle  or  horses  ;  but  other  businesses  may  be  after- 
wards added  to  the  list. 


*  Such  examinations  are  now  conducted  and  certificates  issued  by  the 
Sanitary  Inspectors'  Examination  Board.] 
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Every  .  London  S.A.  must  make  and  enforce  bye- 
laws  relating  to  nuisances  and  keeping  of  animals, 
houses  let  in  lodgings,  and  also  the  following : — 

(1)  For  the  prevention  of  nuisances  arising  from 
offensive  matter  running  out  of  any  manufactory, 
brewery,  slaughter-house,  knacker's  yard,  butcher's  or 
fishmonger's  shop,  or  dunghill,  into  any  uncovered 
place,  whether  enclosed  or  not. 

(2)  For  the  paving  of  yards  and  open  spaces  in 
connexion  with  dwellinss. 

(3)  For  securing  cleanliness,  and  freedom  from 
pollution,  of  tanks,  cisterns,  and  other  receptacles 
of  drinking-water. 

(4)  For  maintaining  the  efficiency  of  flush  for 
water-closets. 

The  S.A.  7uai/  also  make  bye-laws  relating  to  ship- 
borne  infectious  cases,  public  conveniences,  mortuaries, 
and  inhabited  tents  and  vans  (p.  680  et  seq.). 

The  L-oiidon  Biiilcliii§^  Act,  1§94,  is  a  con- 
solidation Act  amending  various  enactments  relating 
to  streets  and  buildings  in  the  metropolis.  The  Act 
is  divided  into  an  introduction  and  fifteen  Parts, 
dealing  with  the  formation  and  widening  of  streets, 
lines  of  building  frontage,  naming  and  numbering  of 
streets,  heights  and  construction  of  buildings,  tempo- 
rary, dangerous  and  neglected  structures,  sky-signs, 
and  a  number  of  similar  miscellaneous  matters.  Some 
duties  under  the  Act,  such,  for  instance,  as  respect 
wooden  structures,  and  in  relation  to  the  removal  of 
obstructions  in  streets,  are  to  be  exercised  by  the 
Borough  Councils  ;  othei'wise  the  Act  is  administered 
by  the  London  County  Council. 

An  Amending  Act  was  passed  in  1898  dealing 
with  building  extensions,  fore-courts,  the  height  of 
working-class  dwellings,  etc. 

The  Cleansing  of  Persons  Act,  1S97, 
gives  power  to  S.A.  to  provide  cleansing  facilities 
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free  of  charge  (not  to  be  considered  as  parochial 
relief  or  charity)  to  persons  infested  with  vermin. 
]n  practice  such  cleansing  includes  a  bath  and  disin- 
fection of  clothes. 

The  Public  Health  (Reg^ulatioiis  as  to 
Food)  Act,  1901,  amends  the  Public  Health  Act  of 
1896  by  giving  power  to  the  L.G.B.  to  make  regula- 
tions authorizing  measures  to  be  taken  for  the  preven- 
tion of  danger  arising  to  public  health  from  the  impor 
tation,  preparation,  storage,  and  distribution  of  food 
or  drink  (other  than  drugs  or  water)  intended  for 
sale  for  human  consumption.  The  Act  applies  the 
methods  of  control  which,  in  pursuance  of  an  earlier 
series  of  enactments,  have  long  been  in  successful 
operation  with  respect  to  infectious  disease.  These 
enactments  include  Section  130  of  the  Public  Health 
Act,  1875,  as  amended  by  the  Public  Health  Act, 
1896,  and  as  extended  to  London  by  Section  113  of 
the  Public  Health  (London)  Act,  1891.  The  L.G.B. 
have  made  two  sets  of  Regulations  under  the  Act, 
one  called  "  The  Public  Health  (First  Series  :  Un- 
sound Food)  Regulations,  1908,"  and  the  other  "The 
Public  Health  (Foreign  Meat)  Regulations,  1908." 

(a)  The  Public  Health  (First  Series!:  Unsound 
Food)  Regulations,  1908,  have  been  framed  with  the 
object  of  securing  that  articles  of  food  which  are  unsound,  un- 
wholesome, or  unfit  for  human  consumption,  and  which,  as 
part  of  the  cargo  of  a  ship,  are  brought  to  a  place  in  this 
country  either  as  a  place  of  destination  or  of  deposit  for  trans- 
mission  to  a  place  of  destination  elsewhere  in  the  United 
Kingdom,  shall  be  dealt  with  at  the  port  of  discharge.  Powers 
of  inspection  are  conferred  upon  the  M.O.H.,  or  any  duly 
qualified  medical  practitioner  or  other  person  appointed  or 
employed  by  the  S.A.  to  act  in  the  execution  of  the  Regula- 
tions. Notices  or  certificates  in  writing  should  only  be  given 
by  the  M.O.H.  or  his  assistant. 

The  M.O.H.  is  authorized  to  examine  articles  of  food  which 
have  been  landed  within  the  district  of  the  S.A.,  or  before  they 
have  been  landed,  necessary  facilities  being  given  for  the 
purposes  of  his  examination  in  the  matter  of  convenient 
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arrangement,  unpacking,  and  the  like,  and  for  a  warrant  to 
enter  premises  in  special  cases.  It  will  he  his  object  not  only 
to  examine  under  the  conditions  which  are  most  favourable  to 
efficient  inspection,  but,  in  the  case  of  perishable  articles  and 
food-stuffs  in  course  of  transit,  so  to  conduct  the  examination  as 
to  avoid  any  needless  detention  of  goods  or  unnecessary  incon- 
venience to  the  traders  concerned.  For  special  examination 
(e.g.  in  the  laboratory),  powers  of  sampling  are  conferred. 
The  Board  consider  it  important  that  samples  of  food-stulfs, 
which  themselves  possess  a  material  money  value,  should  be 
taken  only  in  cases  where  there  is  substantial  reason  for  this 
course,  and  would  recommend  that  a  record  should  be  kept  of 
the  nature  and  method  of  disposal  of  any  such  samples. 
"Vouchers  in  respect  of  special  samples  thus  taken  should  be 
supplied  in  all  cases  on  the  request  of  tlie  owner  or  other  person 
having  charge  of  the  goods.  In  certain  circumstances  the  ex- 
amination of  an  article  of  food  by  an  officer  of  the  S.A.  shall 
not  be  made  without  the  consent  of  the  Officer  of  Customs. 
The  Officer  of  Customs  is,  however,  required  to  afford  facilities 
for  such  examination,  and  the  M.O.H.  should  confer  from 
time  to  time,  as  circumstances  require,  with  the  Collector  or 
other  Chief  Officer  of  Customs  acting  in  his  district,  so  as  to 
secure  co-operation  between  the  officeis  concerned. 

Under  Article  iv.  the  M.O.H.  is  empowered,  himself  or 
by  an  assistant,  to  seize  and  carry  away  an  article  of  food 
■which,  in  his  opinion,  is  unsound  or  unwholesome,  or  unfit  for 
human  consumption,  in  order  that  application  may  be  made  to 
a  Justice  for  an  order  of  condemnation.  Alternatively,  the 
M.OiHi,  by  notice  to  the  importer  or  to  any  other  person 
having  charge  of  the  article,  may  require  that  until  it  has  been 
examined  by  a  Justice  it  shall  not  be  removed  from  the  place 
specified  in  the  notice  without  permission.  The  Justice,  if 
satisfied  as  regards  the  unsoundness  of  the  paiticular  food 
concerned,  is  required  to  condemn  the  food  and  order  its 
destruction  or  its  disposal  under  the  supervision  of  the^M.O.H. 
by  such  means  and  in  such  a  manner  as  to  prevent  its  being 
used  for  human  consumption.  If,  however,  evidence  satis- 
factory to  the  Justice  is  adduced  that  the  food  in  question, 
although  unsound,  is  not  intended  for  sale  for  human  con- 
sumption, he  is  required  to  make  an  order  dismissing  the 
complaint.  In  the  case  of  any  articles  which  the  M;O.H.  has 
seized  and  carried  away,  it  is  desirable  that  he  should  afford 
all  facilities  which  the  cirLumstances  may  permit  to  the  im- 
porter who  wishes  to  make  his  own  e.xamination  of  the  foods 
in  question.  The  S.A;  must  keep  for  a  period  of  not  less  than 
twelve  months  a  record  of  any  article  of  food  destroyed  or  dis- 
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posed  of  in  pursuance  of  the  Regulations.  An  abstract  of  these 
records  should  he  furnished  by  the  M.O.H.  in  his  annual 
report,  together  with  an  account  of  proceedings  which  have 
heen  t  iken  by  him  under  the  Eegulations. 

(i)  The  Public  Health  (Foreign  Meat)  Regula- 
tions, 1908,  are  designed  to  deal  with  foreign  boneless  meat 
which  is  imported  in  the  form  of  scraps,  trimmings,  or  other 
pieces  not  sufficiently  identifiable  with  definite  parts  of  a 
carcase,  and  which  has  not  before  importation  been  made 
ready  for  human  consumption  in  the  form  of  a  sausage,  or  of 
another  prepared  or  manufactured  article  of  food  ;  with  im- 
ported tripe,  tongues,  or  kidneys  to  which  certain  chemical 
preservatives  have  been  applied  ;  and  with  severed  parts  of  a 
pig  not  prepared  before  importation  as  bacon  or  ham,  and  not 
contained  in  a  package  with  an  "  official  certificate  "  unopened 
on  it  or  attached  to  it.  These  meats  are  classed  together  in 
the  Eegulations  as  "  Foreign  Meat  of  Class  i.,"  and  unless  the 
importer  of  meat  of  this  class  exports  it  at  his  own  expense, 
or  furnishes  proofs,  in  the  manner  prescribed  by  the  Eegula- 
tions, that  it  is  not  intended  for  sale  for  human  consumption, 
the  meat  is  required  to  be  destroyed. 

With  a  view  to  stopping  the  importation  of  carcases  of  pigs 
from  which  the  lymphatic  glands  about  the  throat  and  else- 
where are  absent  (thereb^^  preventing  the  detection  of  evidence 
of  tuberculosis  and  other  disease  in  the  carcase),  the  regulations 
provide  that  carcases  of  pigs,  not  prejaared  as  bacon  or  ham, 
which  are  imported  without  the  lymphatic  glands,  and  from 
which  the  head  has  been  removed  (Foreign  Sleat  of  Class  ii.) 
shall  be  dealt  with  in  a  similar  manner  to  Foreign  Meat  of 
Class  i. 

Foreign  Meat  of  Class  iii.  consists  of  the  severed  parts  of 
a  pig,  not  prepared  as  bacon  or  ham,  and  not  being  Foreign 
Meat  of  Class  i.,  but  contained  in  a  package  with  an  "official 
certificate"  attached  as  evidence  that  the  p'g  from  which  the 
meat  is  derived  has  been  certified  by  a  competent  authority  in 
the  place  of  origin  to  be  free  from  disease  at  the  time  of 
slaughter,  and  that  the  meat  has  been  certified  by  the  like 
authority  to  have  been  dressed  or  prepared,  and  packed  with 
the  needful  observance  of  all  requirements  for  the  prevention 
of  danger  arising  to  public  health  from  the  meat  as  an  article 
of  food.  After  necessai-y  communications  with  the  responsible 
authorities  of  the  countries  concerned,  the  Board  defined  and 
published  the  "  official  certificates  "  which  are  to  be  accepted 
for  this  purpose  (Circulars,  1909-10,  Foreign  Meat,  Noa.  3,  4, 
5,  6,  and  7). 

A  further  object  of  the  Eegulations  is  to  provide  means  by 
2  P 
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which  foreign  meat  generally  which  is  diseased,  unsound,  un- 
wholesome, or  unfit  for  human  consumption,  may  be  detected 
and  dealt  with  by  public  health  authorities  at  the  place  of 
importation. 

Powers  of  inspection  for  th.e  purposes  of  the  Regulations 
are  confeiTed  as  for  the  Public  Health  (First  Series  :  Unsound 
Food)  Eegulations,  1908.  The  regulations  require  by  Article 
in.  (2)  that  the  Officer  of  Customs  shall  cause  to  be  detained, 
for  examination  by  the  M.O.H.  of  the  S.A.,  any  foreign 
meat  which  according  to  the  best  opinion  which,  in  the  cir- 
cumstances of  the  case,  his  knowledge  enables  him  to  form  has 
the  characteristics  of  foreign  meat  of  either  Class  i.  or  Class  ii. 
If  he  finds  that  the  cargo  comprises  Foreign  Meat  of  Class  iii. 
or  Foreign  Meat  Unclassed  he  may  allow  it  to  be  removed 
unless  he  is  of  opinion  that  the  meat  requires  examination  by 
the  M.O;H. 

It  is  the  duty  of  the  M.O.H.  to  examine  the  meat  and  to 
give  either  a  notice  forbidding  its  removal  for  any  purpose 
other  than  exportation,  or  a  certificate  that  it  may  be  removed. 
But  he  is  not  to  give  a  certificate  and  must  give  a  notice  as 
regards  Foreign  Meat  of  Class  i.  or  Class  ii.,  and  also  as  regards 
Foreign  Meat  of  Class  iii.  or  Foreign  Meat  Unclassed,  if  it  is, 
in  his  opinion,  notwithstanding  the  official  certificate,  diseased, 
unsound,  unwholesome,  or  unfit  for  human  consumption. 
(Definitions  of  meat  detained  or  examined  under  these  Eegula- 
tions are  furnished  in  a  Circular  of  the  L.G-.B.,  Dec.  12,  1908.) 

The  Notiflcatioii  of  Births  Act,  1907,  is  an 

adoptive  measure  passed  with  the  view  of  assisting 
indirectly  in  the  reduction  of  infant  mortaHty.  It 
provides,  where  adopted,  for  notification  in  writing  to 
the  M.O.H.  within  thirty-six  hours  of  the  occurrence 
of  a  birth.  The  duty  falls  either  upon  the  father  of 
the  child  or  any  person  attending  the  mother  at  the 
time  of  or  within  six  hours  of  the  birth.  The  S.A.  is 
to  supply  without  fee  stamped  foi-ms  of  notification. 
Penalty  for  non-compliance  is  20s.  This  notification 
is  in  addition  to  and  nob  in  substitution  of  ordinary 
birth  registration.  A  certifiable  birth  is  defined  as 
"  any  child  wliich  has  issued  forth  from  its  mother 
after  the  expiration  of  the  twenty-eighth  week  of 
pix^gnancy  whether  alive  or  dead."  The  Act  may  be 
adopted  by  a  resolution  of  the  S.A.  which  must 
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receive  the  sanction  of  the  Ii.G.B.  and  be  advertized 
in  the  district.  Any  S.A,,  including  County  Councils 
except  the  County  of  London,  may  adopt  the  Act,  or 
the  Ii.G.B.  may,  by  order,  declare  the  Act  in  force  in 
any  area  they  think  expedient.  The  Act  has  been 
adopted  very  widely  in  boroughs  and  urban  districts. 

The  L.01KI011  County  Cotuicil  (Creiieral 
Powers  Act),  1901,  gives  power  to  the  Ii.C.C.  to 
take  samples  of  milk  for  examination  for  the  presence 
of  tubercle  bacillus.  If  it  be  found,  provision  is 
made  for  inspection  of  cows,  and  cause  must  be 
shown  by  the  dairyman  why  the  sale  of  the  milk 
should  not  be  pi^ohibited.  If  such  a  prohibition 
order  be  made  without  due  cause,  the  dairyman  is 
entitled  to  compensation.  Every  dairyman  selling 
milk  within  the  county  must  notify  the  presence  of 
tuberculosis  in  his  cows.  The  same  Act  provides  for 
the  examination  of  school  children  for  uncleanliness 
and  vermin,  and,  if  necessary,  compulsory  cleansing 
of  the  body  and  clothing.  The  same  powers  are  given 
for  cleansing  inmates  of  common  lodging-houses. 

Children  Act,  190§.— This  Act  is  a  composite 
enactment  to  consolidate  the  law  relating  to  infant 
life  protection,  the  prevention  of  cruelty  to  children, 
reformatory  and  industrial  schools,  and  juvenile  of- 
fenders, with  additional  powers  concerning  juvenile 
smoking,  the  cleansing  of  verminous  children,  safety 
of  children  at  entertainments,  and  giving  intoxicating 
liquors  to  children. 

Infant  life  protection.  —  Persons  undertaking 
nursing  and  maintenance  of  one  or  more  infants  under 
7  years  of  age  must  give  notice  to  the  local  authority, 
who  shall  inspect  periodically  and  fix  the  number  of 
infants  which  may  be  retained,  and  remove  "to  a 
place  of  safety  "  infants  neglected  or  improperly  kept. 

Prevention  of  cruelty  to  children.— S.  12  imposes 
penalties  for  wilful  assault,  ill-treatment,  neglect, 
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abandonment,  or  exposure  of  children  likely  to  cause 
suffering  or  injury  to  health  (including  injury  to  or  loss 
of  sight,  or  hearing,  or  limb,  or  organ  of  the  body  and 
any  mental  derangement).  Neglect  includes  failure 
to  provide  adequate  food,  clothing,  medical  aid  or 
lodging.  Where  it  is  proved  that  the  death  of  an 
infant  under  3  years  of  age  was  caused  by  suffocation 
in  bed  with  some  other  person  over  16  years  of  age 
(so-called  "  overlaid  ")  and  the  other  person  was 
under  the  influence  of  drink,  such  person  is  deemed  to 
have  neglected  the  infant  (s.  13).  Penalties  are  also 
imposed  on  persons  allowing  children  to  beg,  or  reside 
in  or  frequent  brothels,  or  be  in  rooms  containing  in- 
sufficiently protected  fire-grates. 

Children  and  intoxicating  liquors.  —  Persons 
may  not  give  intoxicating  liquor  to  children  under  5 
yeai'S  of  age  except  on  medical  advice  or  urgent  sick- 
ness, nor  may  the  occupier  of  licensed  premises  allow 
a  child  to  be  in  the  bar. 

Cleansing  of  verminous  children. — A  local  edu- 
cation authority  may  direct  their  medical  officer  or 
school  doctor,  or  other  person  authorized  by  him  in 
writing,  to  examine  the  person  and  clothing  of  any 
child  attending  a  public  elementary  school ;  and  if 
on  examination  the  child  is  found  to  be  infected 
with  vermin,  or  is  in  a  foul  or  filthy  condition,  the 
authority  may  give  notice  to  the  guardian  or  parent 
requiring  the  child  to  be  cleansed  within  24  hours. 
If  the  parent  fails  to  comply,  the  child  may  be  re- 
moved and  properly  cleansed  in  suitable  premises 
and  detained  until  cleansing  is  effected.  If  the  S.A. 
have  the  use  of  cleansing  appliances  or  premises,  the 
education  authority  may  use  them  for  this  cleansing. 
When  a  child  so  cleansed  is  allowed  again  to  get 
filthy,  the  parent  or  guardian  becomes  liable  to  a 
summary  conviction  and  a  fine. 
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FACTORIES  AND  ^X;^ORKSHOPS 

Incidental  reference  has  been  made  in  Chapters 
XVII.  and  xviii.  to  the  powers  and  duties  of  the 
S.A.  with  regard  to  industrial  premises.  Large 
additions  are  made  by  the  Factory  Acts,  and  in  stat- 
ing these  it  will  be  convenient  to  refer  brieflj^  to  some 
of  the  leading  points  in  industrial  hygiene,  and  to 
indicate  generally  the  division  of  responsibility 
between  the  local  and  central  authorities. 

The  Factory  and  Workshop  Acts,  1901 
and  1901,  which  apply  to  some  100,000  factories 
and  150,000  workshops,  giving  employment  to  about 
5,000,000  workpeople,  are  administered  chiefly  by 
H.M.  Inspectors  of  Factories,  but  also  in  important 
particulars  by  the  S.A.  The  latter  are  charged  with 
duties  as  to  (1)  sanitation  of  workshops  (and,  in 
certain  pai-ticulars,  factories  also),  (2)  bakehouses,  (3) 
home  work,  and  (4)  means  of  escape  from  fire.  Many 
of  these  fall  to  the  M.O.H.,  upon  whom  are  placed 
further  duties  of  reporting. 

Factories  include  (1)  works  in  which,  mechanical  power  is 
used  in  aid  of  a  manufacturing  process,  or  in  quarries,  pit- 
banks  of  metalliferous  mines,  dry  cleaning,  carpet-heating  or 
laundries  ;  and  (2)  the  following,  whether  power  he  used  or 
not : — printworks,  bleaching  and  dyeing  works,  earthenware  works, 
lucifer  match  works,  percussion-cap  works,  cartridge  works,  paper- 
staining  works,  fustian-cutting  works,  blastfurnaces,  copper  mills 
iron  mills,  foundries,  metal  and  india-rubber  works,  paper  mills' 
glass  works,  tohacco  factories,  letterpress  printing  works' 
hook-hinding  works,  flax  scutch  mills,  electrical  stations.  Those 
in  italics  are  technical  expressions,  defined  in  the  Act. 
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A  tenement  factory  is  one  in  which  mechanical  power  is 
supplied  to  different  parts  of  the  same  building  occupied 
by  different  persons  for  the  purpose  of  any  mantifacturing 
process  or  handicraft  in  such  manner  that  these  parts  con- 
stitute in  law  separate  factories. 

Workshops  include  (1)  the  following,  unless  they  are  factories 
by  reason  of  use  of  mechanical  power : — hat  works,  rope  works, 
bakehouses  ("  any  places  in  which  are  baked  bread,  biscuits,  or 
confectionery  from  the  baking  or  selling  of  which  a  profit  is 
derived "),  lace-warehouses,  shi2)building  yards,  quarries,  pit- 
banks  of  metalliferous  mines,  dry-cleaning  works,  cai-pet- 
beating  works,  bottle-washing  works,  and  laundries. 

(2)  Premises  (not  being  factories)  in  which  manual  labour 
is  exercised  by  way  of  trade  or  for  purposes  of  gain,  in  or 
incidental  to  the  malring,  altering,  repairing,  ornamenting,  fin- 
ishing or  adapting  for  sale  of  any  article,  if  the  em-ployer  has 
the  right  of  access  or  control. 

(3)  Tenement  workshops  :  that  is,  workplaces  in  which,  "with 
the  permission  of  or  under  agreement  with  the  owner  or  oc- 
cupier, two  or  more  persons  carry  on  any  work  which  would 
constitute  the  workj^lace  a  workshop  if  the  persons  working 
therein  were  in  the  employment  of  the  owner  or  occupier." 

Thei-e  may  be  several  distinct  factories  or  workshops,  each 
comprising  one  or  more  rooms  in  different  occupation,  in  the 
same  building. 

Domestic  factories  and  domestic  workshops  are  those  carried 
on  in  private  houses  without  use  of  mechanical  power,  where 
the  only  persons  employed  are  members  of  the  same  family 
dwelling  there.  If  any  work  certified  by  the  Home  Secretary 
to  be  dangerous  is  carried  on  they  are  treated  as  ordinary  fac- 
tories and  workshops  :  otherwise  they  are,  so  far  as  sanitation 
is  concerned,  treated  as  ordinary  workshops,  except  that  the  re- 
quirements as  to  general  ventilation  and  drainage  of  floors  do 
not  apply. 

The  following,  if  carried  on  under  conditions  which 
would  otherwise  make  the  premises  a  domestic  workshop,  are 
exempted. 

(1)  Straw-plaiting,  pillow-lace  making,  glove-making. 

(2)  Work  done  at  irregular  intervals  and  not  furnishing  the 
principal  means  of  living  to  the  familj''. 

Men's  workshops  (those  in  which  only  males  over  18  are 
employed)  are  exempted  from  several  of  the  provisions  of  the 
Act,  including  those  relating  to  general  ventilation,  temperature, 
drainage  of  floors,  sanitary  accommodation,  lavatories,  fans  for 
removal  of  dust  or  fumes,  and  means  of  escape  from  fire. 
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Crown  factories  and  workshops  are  excluded  from  the  jtiris- 
dictioa  of  the  S.A. 

Workplace  is  not  defined,  but  has  a  wider  meaning  than 
workshop,  and  has  been  held  to  include  any  place  where  people 
assemble  together  to  do  work  permanently :  e.g.  a  stable  and 
stableyard  where  men  were  employed  as  cab- cleaners  and 
horse-keepers. 

In  workshops  and  tvo7'k]jlaces  the  S.A.  are  pri- 
marily responsible  for  enforcing  sanitary  requirements 
generally,  and  means  of  escape  from  fire ;  and  their 
officers  have  the  same  powers  of  entry,  inspection,  and 
legal  proceedings  as  Inspectors  of  Factories.  Certain 
sanitary  requirements,  however,  more  particularly 
those  relating  to  temperature,  fans  for  removal  of  dust 
and  fumes,  and  those  arising  under  the  Factory  Act 
(as  distinguished  from  the  powers  of  the  S.A.  under 
the  P.H.  Acts)  with  regard  to  sanitary  accommodation, 
are  enforced  l3y  the  Factory  Inspectors.  The  S.A. 
are  required  to  keep  a  register  of  all  workshops  in 
their  district.  If  the  M.O.H.  finds  any  woman,  young 
person,  or  child  employed  in  a  workshop  in  which  no 
abstract  of  the  Factory  Acts  is  affixed,  he  is  required 
to  inform  the  Factory  Inspector.  The  occupier  of  a 
new  factory  or  workshop  must  notify  the  Factory 
Inspector,  who,  in  the  case  of  a  workshop,  forwards 
the  notice  to  the  S.A. 

In  factories,  sanitation  genei'ally  is  enforced  by 
the  Factory  Inspector,  not  by  the  S.A.,  but  the 
latter  deal  with  means  of  escape  from  fire  (in 
London  this  rests  with  the  County  Council),  and  sani- 
tary accommodation  (under  the  P.H.  Acts  only),  and 
have  special  duties  in  connexion  with  bakehouses  and 
domestic  factories. 

If  any  act  or  default,  punishable  or  remediable  under  the 
P.H.  Acts  but  not  under  the  Factory  Acts,  is  found  by  the 
Factory  Inspector  in  a  factory  or  workshop,  he  is  to  report  it 
to  the  S.A.,  who  must  make  enquiry,  take  such  action  as 
may  seem  proper,  and  inform  the  Factory  Inspector  what 
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has  been  done.  If  proceedings  are  not  taken  by  the  S.A. 
within  a  month,  the  Factory  Inspector  may  institute  proceedings 
in  default,  and  recover  from  the  S.A.  any  expenses  not  re- 
covered  from  other  persons,  and  not  incurred  in  unsuccessful 
proceedings.  If  the  S.A.  fail  generally  to  carry  out  their 
duties  with  regard  to  factories,  workshops  or  workplaces,  the 
Home  Secretary  may  authorize  the  Factory  Inspector  to  act 
in  default  for  a  specified  period,  and  the  expenses  not  recovered 
from  other  persons  (and  not  incurred  in  unsuccessful  pro- 
ceedings) may  be  recovered  from  the  S.A. 

The  M.O.H.  is  required  in  his  Annual  Report  to 
report  specifically  upon  the  administration  with  regard 
to  workshops  and  workplaces,  and  to  send  a  copy  to 
the  Home  Secretary.  A  table  issued  by  the  L.G.B. 
for  the  guidance  of  the  M.O.H.  includes  the  items 
calling  for  statistical  record. 

Outside  the  Factory  Acts  (which  are  directed  to  the  protection 
of  the  workers),  the  S.A.  are  concerned  with  certain  factories 
and  workshops  on  public  health  grounds,  as  sources  of  smoke, 
poisonous  fumes,  trade  effluents ;  as  places  where  offensive 
trades  or  food  manufacture  needing  control  are  carried  on ;  as 
new  buildings  needing  approval  of  plans,  or  old  buildings  in  a 
dangerous  state  ;  or  more  indirectly  as  places  in  which  infection 
may  be  spread  from  one  person  to  another,  or  (as  in  laundries) 
infected  articles  may  be  handled. 

Nor  are  these  the  only  points  claiming  the  attention  of  archi- 
tects, builders,  and  S.A.'s  in  connexion  with  plans  for  new  fac- 
tories and  workshops.  Others  are  strength  of  foundations  and 
structure  generally  where  heavy  machinery  is  to  be  fixed  ; 
means  of  escape  fi-om  fire ;  sanitary  accommodation.  Others, 
again,  are  the  statutory  requirements  as  to  air- space,  ventilation 
and  warming  ;  the  surfaces  of  walls  and  ceilings  must  be  such 
as  to  admit  of  due  cleansing,  and  the  proper  construction  of 
floors  (soundness,  impermeability,  slope,  drainage)  is  of 
importance  in  certain  processes.  In  certain  dangerous  trades 
additional  structural  requirements  (lavatories,  baths,  mess- 
rooms,  cloakrooms,  etc.)  arise,  and  in  some  the  plans  have  also 
to  be  approved  by  the  Chief  Insj^ector  of  Factories. 

Cleanliness — Workshops  and  workplaces  must 
be  kept  in  a  cleanly  state  ;  and  a  workshop,  or  any 
specified  part  thereof  (in  London,  a  workplace  or 
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domestic  factory  also), must  be  limewashed,  cleansed,  or 
purified  when  so  required  by  notice  from  the  S.A.  on 
certificate  of  the  M.O.H.  or  Sanitary  Inspector  that 
it  is  necessary  for  the  health  of  the  workers. 

Factories  must  be  kept  in  a  cleanly  state  and 
(subject  to  certain  exceptions)  either  (a)  limewashed 
every  14  months,  or  (6)  painted  with  oil  or  varnished 
every  7  years,  and  washed  with  soap  and  hot  water 
every  14  months. 

For  the  cleaning  of  floors,  etc.,  damp  processes  are 
preferable,  as  checking  the  production  of  dust. 

Air=space. — Factories,  workshops  and  workplaces 
must  not  be  so  overcrowded  as  to  be  dangerous 
or  injurious  to  the  health  of  the  workers,  and  there 
must  be  at  least  250*  cub.  ft,  of  air-space  for  each 
worker.  The  air-space  of  each  workroom  must  be 
stated  in  a  notice  affixed  in  the  works. 

A  much  larger  air-space  is  required  in  certain 
dangerous  trades,  and  in  works  where  certain  special  ex- 
ceptions are  permitted — e.g.  in  rooms  in  which  wool 
liable  to  contain  anthrax  spores  is  sorted  the  minimum 
IS  1,000  cub.  ft.,  and  in  engineering  works  exemption 
from  routine  annual  limewashing  is  allowed  if  the 
air-space  be  2,500  cub.  ft.  per  head. 

General  ventilation  must  be  efficient  in  every 
workroom  of  a  factory  or  workshop  (other  than 
a  men's  workshop).  Standards!  of  ventilation  are 
prescribed  for  certain  workrooms.  A  departmental 
Committee  in  1902  recommended  a  general  limit  for 
workrooms  of  12  parts  of  COg  per  10,000. 

_  Air  samples  are  usually  taken  at  the  breathing  level,  at 
points  where  work  is  carried  on,  and  not  in  extreme  corners  or 

»  400  during  overtime  of  women,  600  in  underground  bakehouses,  400 

between  9  p.m.  and  0  a.m.  in  other  bakehouses  with  light  other  than 

electric,  400  in  workshops  (not  domestic)  used  also  as  sleeping  rooms. 

-'^fl"   ,       '^^^^  "P^^-        per  10,000  in  humid  cotton  cloth  factories 

hon,-7n  nfh'<.^?'P  -^'1  '''l-f  T'}"^'.  ^'"^  fresh  air  j)er  head  per 

hour  in  other  humid  textile  factories. 
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near  to  inlets  or  outlets,  or  close  to  persons  or  to  sources  of  CO2. 
In  breweries,  aerated  water  factories,  bakehouses,  etc.,  where 
CO2  is  given  off  by  trade  processes,  allowance  has  to  be  made ; 
and  similarly  where  artificial  lighting  yields  COj.  As  a  rule 
it  is  well  to^  make  a  parallel  determination  in  the  open  air. 

Mechanical  ventilation  by  fans  may  be  either  on  the  plenum 
or  vacuum  system.  The  number,  position,  dimensions  and 
speed  of  the  fans  are  matters  requiring  expert  knowledge;  as 
a  rule  better  results  are  obtained  by  large  fans  moving  slowly 
than  by  small  fans  at  a  high  speed.  Plenum  is  on  the  whole 
preferable,  and  offers  facilities  for  warming,  screening  or 
humidifying  the  air  when  necessary.  Exhaust  ventilation 
calls  for  care  in  guarding  against  indraught  through 
closets  or  other  unsuitable  channels.  Paddle  fans,  which 
churn  the  air  without  changing  it,  are  not  to  be  regarded 
as  means  of  ventilation,  though  the  currents  they  cause 
may  promote  evaporation,  and  thus  have  some  cooling 
effect.  If  reliance  is  placed  on  "  natural"  ventilation  (whether 
by  chimneys,  open  windows  and  doors,  ventilators  or  shafts), 
supervision  becomes  necessary,  especially  in  cold  weather.  In. 
any  case  care  should  be  taken  to  secure  ventilation  of  all 
parts  of  the  room,  to  avoid  short-circuiting  and  direct  draughts 
upon  workers,  and  to  provide  adequately  for  both  inlets  and 
outlets. 

Local  ventilation,  for  removal  of  dust,  gases, 
vapours  or  other  impurities  generated  in  the  course  of 
work,  which  are  injurious  to  health,  must  be  such  as 
to  render  them  harmless  as  far  as  practicable. 

Usually  this  involves  exhaust  ventilation,  applied  at  or  near 
the  point  of  origin;  and  fans  (or  other  efficient  mechanical 
means)  for  the  purpose  are  prescribed  in  certain  dangerous 
processes,  and  can  be  required  by  the  Factory  Inspector  in 
others.  Exhaust  ventilation  maj^  sometimes  be  secured  by  con- 
nexion with  flues  or  other  heated  shafts.  The  essentials  are  that 
the  dust  or  fumes  should  be  intercepted  as  near  as  possible  to 
their  source,  and  carried  away  from  the  workers,  without  en- 
tering the  general  air  of  the  room  ;  that  the  draught  should  be 
adequate  for  the  purpose,  and  guided  where  necessary  by  hoods  ; 
and  that  the  air-ducts  should  be  kept  clean  and  discharge  at  a 
suitable  point,  preferably  in  a  closed  dust-chamber.  As  a  rule  a 
downward  draught  is  best,  since  it  carries  away  the  dust  more 
readily.  The  efficiency  of  exhaust  can  be  tested  by  anemometer, 
or  by  smoke,  light  dust,  or  fumes  of  ammonium  chloride. 
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In  some  instances  standards  are  fixed,  in  terms  of  sectional 
area  of  openings  and  velocity  at  given  points. 

Other  precautions  in  dusty  processes  are  the  use  of  closed 
chambers  or  boxes,  the  adoption  of  wet  processes,  handling 
the  dusty  materials  over  gratings  through  which  the  dust  can 
fall,  cleanliness  of  premises  and  floors,  the  use  of  overalls,  and 
(if  the  dust  be  poisonous)  prohibition  of  taking  food  in  the 
"workroom,  and  provision  of  suitable  lavatories. 

As  a  last  resource  respirators  may  be  adopted,  especially 
where  the  occupation  is  intermittent,  but  there  is  difficulty  in 
enforcing  the  systematic  use  of  them,  and  most  of  them  entail 
some  physical  discomfort  if  worn  for  long  periods  or  in  heavy 
work.  The  essentials  in  a  respirator  are  that  it  should  be  light, 
simple,  inexpensive,  the  filtering  material  readily  renewed  or 
cleaned ;  that  it  should  be  as  little  unsightly  as  possible ;  that 
it  should  arrest  all  dust,  61ter  the  whole  of  the  inspired  air, 
and  prevent  the  rebreathing  of  expired  air ;  and  that  it  should 
offer  the  minimum  resistance  to  the  free  passage  of  air  without 
respiratory  effort,  and  without  becoming  obstructed  in  use  by 
moisture  from  the  breath.  A  fold  of  cambric  covering  the 
mouth  and  nostrils  is  an  efficient  simple  I'espirator.  Many 
elaborate  forms  fail  when  tried  under  the  actual  conditions  of 
the  work  for  which  they  are  proposed. 

Some  kinds  of  dust  are  directly  infective,  e.g.  anthrax, 
tetanus,  small-pox  (among  rag-sorters  in  paper  works 
and  elsewhere) ;  others  poisonous  (e.g.  lead,  mercury)  ;  and 
others,  again,  mechanically  injurious  in  varying  degree.  Simi- 
larly the  wide  variety  of  gases,  fumes  and  vapours  which  arise 
in  manufacturing  processes  and  require  removal  include  many 
which  are  directly  poisonous  (e.g.  CO,  CSa,  HsS,  SO2,  chlorine, 
nitrous  and  other  acid  fumes,  AsH, ;  lead,  zinc  and  mercury 
fames),  and  some  which  are  harmful'in  other  ways  (e.g.  steam) 
or  offensive  (organic  effluvia). 

Explosion  may  arise  from  ignition  of  inflammable  dust  or 
fumes  mi.xed  with  air  :  e.g.  ordinary  gas,  marsh  gas  (in  coal 
mines),  naphtha,  coal  dust,  or  celluloid  borings. 

Temperature.— In  every  workroom  of  a  factory  or 
workshop  provision  must  be  made  for  securing  a  reasonable 
temperature,  and  without  interfering  with  the  purity  of  the 
air  of  the  room.  This  requirement  is  enforced  by  the  Factory 
Inspector.  Gas  jets  cannot  be  accepted  as  means  of  warming, 
nor  must  the  ventilators  be  closed.  Flueless  stoves  are 
objectionable,  owing  to  the  risk  of  adding  sulphur  compounds, 
CO,  and  other  impurities  to  the  air.  ' 

As  a  lower  limit  60°  F.  is  suitable  for  sedentary  occupations 
involving  little  exertion,  but  active  work  can  be  carried  on, 
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indoors  as  well  as  in  the  open  air,  at  lower  temperatures.  The 
upper  limit  is  not  easily  defined,  since  in  certain  processes  a 
high  temperature  is  a  trade  necessity,  while  in  others  it  is  only 
accidental  (e.g.  from  use  of  furnaces,  consumption  of  gas, 
moving  machinery,  steam  pipes),  and  calls  for  preventive  mea- 
sures such  as  free  ventilation,  screening  off  sources  of  heat, 
"lagging"  of  hot  pipes  and  reducing  their  dimensions  as  far 
as  practicable.  In  humid  cotton  cloth  factories  the  prescribed 
precautions  of  the  kind  include  whitewashing  of  the  roof  in 
summer,  and  it  is  forbidden  to  raise  the  temperature  artificially 
above  70°  F.,  except  so  far  as  is  necessary  in  humidifying. 

If  the  air  be  dry  enough,  high  temperatures  can  be  borne, 
but  as  a  matter  of  health  as  well  as  comfort  high  wet-bulb 
temperatures  (over  7^'^)  are  to  be  avoided  as  far  as  possible, 
especially  where  the  work  is  hard. 

Humidity  is  expressly  regulated  in  humid  textile  fac- 
tories generally,*  a  limit  (of  relative  humidity,  that  is,  per  cent, 
of  saturation)  being  fixed  for  each  dry-bulb  degree :  88% 
from  59-  to  70°,  decreasing  thenceforward  to  77'5%  at  80", 
69%  at  90°,  and  64%  at  100°.  In  certain  textile  processes, 
however,  a  difference  of  2"  between  wet  and  dry  bulb  is 
accepted  at  all  temperatures.  Hygrometers  must  be  afiaxed  in 
each  room,  and  (except  in  cotton  spinning)  records  kept  of  two 
(in  cotton  cloth  factories  three)  daily  readings  at  [7  to  8  a.m.], 
10  to  11  a.m.,  and  3  to  4  p.m.  The  water  used  for  humidi- 
fication  must  either  be  taken  from  a  pure  source  or  be  effec- 
tively purified  ;  a  water  which  gives  off  offensive  gases  of  any 
kind  on  heating,  or  which  absorbs  from  acid  solution  of 
KMn04  at  60"  F,  in  2  hours  more  than  0-5  morr.  of  oxycren, 
is  regarded  as  unsuitable.  In  moist  air  the  clothing  becomes 
damp,  and  warmed  ventilated  cloak-rooms  are  obligatory  in 
new  humid  cotton  weaving  factories. 

Steam  in  excess  arises  incidentally  in  laundries,  dyehouses, 
etc.,  and  can  be  removed  by  exhaust  ventilation  or  by  intro- 
ducing hot  dry  air. 

Lighting  is  only  regulated  by  the  Factory  Act  as  regards 
underground  bakehouses  (p.  656)  and  in  certain  dangerous 
trades.  For  artificial  lighting  electric  light  or  ventilated  gas 
burners  are  preferable,  as  they  do  not  add  to  the  impurity  of 
the  air  or  call  for  additional  ventilation. 

Floors  have  to  be  sound  and  impervious  for  the  purpose  of 
certain  dangerous  processes,  and  to  be  drained  in  wet  processes 
generally  (except  in  men's  workshops)  and  especially  in  laundries. 

*  Spinning  and  weaving  factorie.s  in  wliicli  the  air  is  artificially  I'lmii- 
(lilied  by  steam  jets  or  otherwise,  in  order  to  correct  the  dryness  of  the 
air,  which  beyond  a  certain  limit  interferes  with  tlie  treatment  of  the  tibre. 
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Sanitary  accommodation  is  enforced  by  the 
S.A-  in  both  factories  and  workshops,  in  London 
(Public  Health  Act,  1891,  s.  38)  and  where  s.  22  of  the 
P.H.  Acts  Amendment  Act  of  1890  is  in  force. 
Elsewhere  the  S.A.  have  similar  powers  under  s.  38 
of  the  P.H.  Act,  1875;  but  s.  9  of  the  Factory  Act 
also  applies,  and  the  administration  of  this  (and  of 
the  order  which  interprets  it)  rests  with  the  Factory 
Inspector  alone. 

The  Factory  and  Worhslioiy  Act,  1901,  s.  9,  requires  that 
"  Every  factory  and  workshop  must  be  provided  with  sufficient 
and  suitable  accommodation  in  the  way  of  sanitary  conveniences, 
regard  being  had  to  the  number  of  persons  employed  or  in  at- 
tendance at  the  factory  or  workshop,  and  also  where  persons  of 
both  sexes  are  or  are  intended  to  be  employed  or  in  attendance, 
with  proper  separate  accommodation  for  persons  of  each  sex," 
and  gives  power  to  the  Home  Secretary  to  determine  by  Order 
what  is  sufficient  and  suitable  accommodation  within  the 
meaning  of  the  section. 

Accordingly  the  Sanitary  Accommodation  Order  of  February 
Uh,  1903,  directs  that  :— 

"1.  In  factories  or  workshops  where  females  are  employed 
or  in  attendance  there  shall  be  one  sanitary  convenience  for 
every  25  females. 

"  In  factories  or  workshops  where  males  are  employed  or  in 
attendance  there  shall  be  one  sanitary  convenientie  for  every  25 
males ;  provided  that — 

"  («)  in  factories  or  workshops  where  the  number  of  males 
employed  or  in  attendance  exceeds  100,  and  sufficient  urinal 
accommodation  is  also  provided,  it  shall  be  sufficient  if  there 
is  one  sanitary  convenience  for  every  25  males  iip  to  the  first 
100,  and  one  for  every  40  after  ; 

''  {b)  in  factories  or  workshops  where  the  number  of  males 
employed  or  m  attendance  exceeds  500,  and  the  District  In- 
spector of  Factories  certifies  in  writing  that  by  means  of  a 
check  system,  or  otherwise,  proper  supervision  and  control  in 
regard  to  the  use  of  the  conveniences  are  exercised  by  officers 
specially  appointed  for  that  purpose,  it  shall  be  sufficient  if  one 
sanitary  convenience  is  provided  for  every  60  males,  in  addition 
to  sufficient  urinal  accommodation.  Any  certificate  given  by 
an  Inspector  shall  be  kept  attached  to  the  general  registpr 
and  shall  be  liable  at  any  time  to  be  revoked  by  notice  in 
writing  from  the  Inspector. 
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"In  calculating  the  number  of  conveniences  required  by 
this  order,  any  odd  number  of  persons  less  than  25,  40,  or  60, 
as  the  case  may  be,  shall  be  reckoned  as  25,  40,  or  60. 

"  2.  Every  sanitary  convenience  shall  be  kept  in  a  cleanly 
state,  shall  be  sufficiently  ventilated  and  lighted,  and  shall  not 
communicate  with  any  work-room  except  through  the  open  air 
or  through  an  intervening  ventilated  space ;  provided  that  in 
work-rooms  in  use  prior  to  1st  January,  1903,  and  mechanic- 
ally ventilated  in  such  manner  that  air  cannot  be  drawn  into 
the  work-room  thi-ough  the  sanitary  convenience,  an  inter- 
vening ventilated  space  shall  not  be  required. 

"  3.  Every  sanitary  convenience  shall  be  under  cover  and  so 
partitioned  off  as  to  secure  privacy,  and  if  for  the  use  of 
females  shall  have  a  proper  door  and  fastenings. 

"  4,  The  sanitary  conveniences  in  a  factory  or  workshop 
shall  be  so  arranged  and  maintained  as  to  be  conveniently 
accessible  to  aU  persons  employed  therein  at  all  times  during 
their  employment. 

"5.  Where  persons  of  both  sexes  are  employed,  the  con- 
veniences for  each  sex  shall  be  so  placed  or  so  screened  that 
the  interior  shall  not  be  visible,  even  when  the  door  of  any  con- 
venience is  open,  from  any  place  where  persons  of  the  other  sex 
have  to  work  or  pass ;  and,  if  the  conveniences  for  one  sex 
adjoin  those  for  the  other  sex,  the  approaches  shall  be  separate." 

Other  sanitary  requirements. — Lavatories  are  re- 
quired where  any  poisonous  substance  is  used.  For  certain 
dangerous  trades  details  are  prescribed,  e.g.  that  there  shall  be 
soap,  nailbrushes,  towels,  and  at  least  one  basin  (with  water 
supply  and  waste  pipe)  for  every  5  persons.  In  some,  baths  also 
are  required.  Cloak-rooms  are  obligatory  in  new  humid  cotton 
cloth  factories,  and  where  certain  dangerous  trades  are  carriedon. 

In  certain  rooms,  e.g.  where  poisonous  substances  are  so  used 
as  to  give  rise  to  dust  or  fumes,  it  is  forbidden  to  take  food  or 
to  remain  during  meal  hours,  and  accommodation  for  meals 
must  be  provided  elsewhere  on  the  premises. 

Dangerous  trades,  certified  as  such  by  the  Home  Secretarj', 
are  further  subject  to  regulations  (of  automatic  application)  or 
special  rules  (established  in  individual  works)  issued  by  the 
Home  Office.  These  prescribe  additional  precautions,  accord- 
ing to  the  nature  of  the  danger,  and  are  enforced  by  the 
Factory  Inspectors. 

The  Acts  allow  certain  special  exceptions,  which  are  often 
coupled  with  additional  requirements,  sanitary  and  other; 
these  also  are  administered  solely  by  the  Factory  Inspectors. 

Certifying  siirgeons  are  appointed  for  every  locahty. 
Their  duties  include  (1)  examination  of  children  and  of  young 
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persona  under  16  for  certificates  of  fitness  for  employment  in 
factories  and  certain  workshops,  (2)  investigation  of  accidents 
and  poisoning,  (3)  periodical  examination,  when  required  by- 
regulations  or  special  rules,  of  persons  employed  in  processes 
entailing  danger  of  poisoning. 

The  dangers  to  health  against  which  the  above  provisions 
are  directed  are  obvious,  but  there  are,  of  course,  many  others 
of  a  different  kind,  not  limited  to  employment  under  the 
Factory  Act.  Thus  coal  miners  are  liable  to  nystagmus  from 
working  in  constrained  positions,  and  to  "beat  hand"  and 
"beat  knee"  (chronic  inflammation  due  to  local  pressure); 
men  working  in  compressed  air  to  "  caisson  disease  "  if  care  be 
not  taken  to  pass  slowly  from  higher  to  lower  pressures,  through 
air-locks.  Writer's  cramp,  housemaid's  knee,  the  emphysema 
of  performers  on  wind  instruments,  are  other  examples.  Hernia 
or  aneurysm  may  be  determined  by  violent  exertion ;  carrying 
unduly  heavy  weights  is  injurious,  and  is  indirectly  prohibited 
as  regards  girls  under  18  as  a  condition  of  special  ex- 
ception  as  to  hoiu-s  in  fruit  preserving.  Sight  may  suffer 
from  strain  in  fine  work  in  inadequate  light,  and  cataract  is 
common  among  glass  workers.  Habitual  exposure  to  weather 
m  open-au-  occupations,  and  violent  alternations  of  tempera- 
ture in  connexion  with  furnaces  or  otherwise,  present  dangers 
of  their  own. 

Means  of  escape  from  fire — Factories  built 
after  1891  and  workshops  built  after  1895,  must,  if  more 
than  40  persons  are  employed,  have  a  certificate  from 
the  S.A.  as  to  reasonable  adequacy  in  this  respect, 
specifying  in  detail  the  means  provided.  In  older 
works  with  more  than  40  hands  the  S.A.  must  see 
that  reasonable  provision  is  made,  and  if  not,  must 
require  the  owner  by  notice  to  carry  out  specified 
details  in  a  specified  time  :  any  dispute  to  be  settled 
by  arbitration.  The  whole  of  a  tenement  factory  or 
tenement  workshop  is  counted  as  one.  The  S.A. 
may,  subject  to  confirmation  by  the  L.G.B.,  make 
bye-laws  as  to  means  of  escape  in  any  factories  or 
workshops.  In  London  these  duties  rest  with  the 
County  Council. 

Doors  of  workrooms  must  not  during  working  hours  be 
ffistened  so  as  not  to  be  readily  opened  from  inside :  and  in 
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works  built  after  1895,  doors  of  rooms  in  which  more  than  10 
persons  are  employed  must  not  open  inwards. 

Adequate  means  of  escape  are  all  the  more  essential  where 
the  nature  of  the  manufacture  entails  special  risk  of  fire. 
Alternative  paths  of  escape  are  desirable  (since  the  main  line  of 
exit  may  bo  readily  involved  in  the  fire)  especially  where  large 
numbers  are  employed,  and  these  paths  should  be  obvious  and 
kept  clear  of  unnecessary  obstruction. 

Laundries  are  technically  factories  or  workshops.  In 
factory  laundries  fans  are  required  for  regulating  the  tempera- 
ture of  ironing-rooms,  and  for  removing  steam  from  wash- 
houses  ;  and  in  all  laundries  {a)  stoves  for  beating  irons 
must  be  sufficiently  separated  from  the  ironing-room  or  ironing- 
table,  and  gas-irons  emitting  noxious  fames  must  not  be  used  ; 
(J)  floors  must  be  kept  in  good  condition  and  so  drained  as  to 
allow  the  water  to  flow  off  freely. 

Bakehouses  are  factories  or  workshop?,  but  subject  to 
certain  special  requirements  as  below.  Retail  balcehoitses  are  work- 
shop bakehouses  in  which  the  articles  baked  are  sold  by  retail 
only  in  a  shop  occupied  therewith.  Underground  bakehouses  are 
those  in  which  any  room  used  for  baking  or  processes  incidental 
thereto  has  its  floor  more  than  3  feet  below  the  footway  of 
the  adjoining  street  or  ground  adjoining  or  nearest  to  the  room. 

If  a  bakehouse  is  on  sanitary  grounds  unfit  for  that  use, 
a  Court  may,  on  application  by  the  Factory  Inspector  or  S.A., 
impose  a  penalty  and  require  the  necessary  alterations  to  be 
made.  It  must  not  contain  or  communicate  directly  with  a 
closet,  nor  derive  its  water  supply  from  a  cistern  supplying  a 
w.c.  A  drain  or  pipe  for  carrying  off  faecal  or  sewage  matter 
must  not  have  an  opening  in  the  bakehouse  (thus  any  waste- 
pipe  must  be  disconnected  outside).  The  walls  and  ceilings 
of  rooms,  passages  and  staircases  must  be  limewashed 
every  6  months;  or  receive  3  coats  of  oil-paint  or  varnish 
every  7  years,  and  be  washed  with  hot  water  and  soap  every 
6  months.  A  part  of  the  same  building,  on  the  same  level 
with  the  bakehouse,  must  not  be  used  as  a  sleeping-room 
unless  partitioned  off  from  floor  to  ceiling,  and  having  an 
external  glazed  window  9  sq.  ft.  in  area,  4^  of  which  is 

made  to  open.  u  i 

An  unclero-round  bakehouse  must  not  be  used  as  sucb  unless 
la)  it  was  80°used  on  August  17th,  1901,  and  further  (*)  the 
S.A.  has  certified  it  to  be  suitable  as  regards  construction, 
lio-ht,  ventilation  and  in  all  other  respects. 

The  administration  of  these  special  requirements  in  retail 
bakehouses  (in  London  in  all  workshop  bakehouses,  and  the 
certification  of  underground  bakehouses),  rests  with  the  fe.a.. 
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In  other  cases  the  Factory  Inspector  and  S.  A,  have  concurrent 
powers. 

A  high  standard  of  sanitation  is  needed  in  premises  where 
food  is  manufactured,  prepared,  cooked  or  stored ;  including 
hakehouses,  restaurant  kitchens,  ice-cream  premises,  fish-shops, 
meat-shops,  preserved  meat  works,  confectionery  works, 
dairies  and  milk-shops.  The  following  summary,  directed 
primarily  to  bakehouses,  may  serve  to  indicate  ofenerally  the 
chief  points  needing  attention. 

Surfaces  of  floors,  walls  and  ceilings  to  be  hai'd,  smooth, 
durable  and  impervious. 

Floors  to  be  laid  to  proper  falls,  and  drained  by  proper 
channels  to  a  gully  outside. 

"Walls  to  be  absolutely  dry ;  failing  this,  to  have  an  inner 
wall  at  least  |-inch  thick,  tied  to  the  outer  wall,  but  with  2-inch 
ventilated  and  drained  intervening  space. 

Any  drain  beneath  the  floor  to  be  gas-  and  water-tight.  All 
pipes  and  fittings  to  be  eflScient. 

Minimum  height  8  ft.  ;  minimum  air-space  400  cub.  ft.  per 
head  and  1,500  cub.  ft.  in  all,  clear  of  ovens,  machinery,  and 
stored  goods. 

Efficient  lighting :  where  practicable,  natural  light  only  ; 
among  artificial  lights  electric  is  preferable,  or  if  gas  is  necessary, 
incandescent  burners  protected  from  dust  and  ventilated  to 
remove  fumes. 

Ventilation,  by  fan  if  necessary ;  ensuring  constant  and 
sufiicient  change  of  air  without  draug-hts,  and  a  temperature  not 
ordinarily  exceeding  60°  F.,  or  80°  F.  at  any  time  except 
within  half-an-hour  after  "drawing  "  an  oven. 

Oven  furnaces  to  have  eificient  flues  to  carry  away  fumes. 

An  outlet  for  heat  and  steam  immediately  before  and  above 
the  oven  door.  Oven  doors  and  outer  doors  of  furnaces  to  fit 
closely.  Proving  ovens  to  be  efficiently  ventilated.  If  gas  is 
used  for  heating,  means  of  removing  fumes.  Hoods  and  ducts 
leading  to  the  open  air,  over  stoves  and  ranges. 

Strict  cleanliness  of  premises  and  appliances. 

Water  supply,  with  jet  and  hose,  for  washing  floors  ;  cisterns 
(if  any)  to  be  of  proper  construction,  with  dust-tight  covers,  and 
kept  clean. 

Tables,  benches,  dough-troughs,  etc.,  to  be  freely  movable 
on  casters. 

Any  necessary  shelves  to  be  fixed  2  inches  away  from  walls, 
but  unnecessary  woodwork  on  walls  to  be  avoided. 
Covered  metal  boxes  for  refuse. 

Suitable  provision,  outside  the  workroom,  for  storage  of  food 
materials  (milk  in  clean  covered  vessels,  in  a  cool  place) ;  storage 
2  Q 


658       FACTORIES  AND  WORKSHOPS  [chap. 


of  fuel ;  deposit  of  clothing  not  in  use ;  lavatory ;  sanitary 
accommodation. 


Home  work  of  certain  kinds*  defined  by  order 
(Home  Work  Order  of  April  10th,  1911)  of  the 
Home  Secretary  is  under  special  control.  The 
employer  must  keep  a  list  of  the  names  and 
addresses  of  the  outworkers,  and  send  copies  to  the 
S.A.  of  his  district  on  or  before  February  1st  and 
August  1st  of  each  year,  in  a  prescribed  form.  If  any 
such  addresses  are  outside  the  area  of  the  S.A.,  par- 
ticulars of  them  must  be  sent  by  the  S.A.  to  the 
S.A.  concerned.  If  the  home  premises  are  injurious 
or  dangerous  to  the  health  of  the  workers,  the  S.A. 
may  pi-ohibit  the  employer  from  giving  out  work  to 
be  done  there. 

If  an  inmate  of  the  house  is  suffering  from  a  notifiable 
infectious  disease  (even  if  he  has  been  removed)  the 
S.A.  may  by  order  prohibit  the  employer  from  giving 
out  work  to  be  done  in  that  house  or  in  any  specified 
part  of  it,  during  a  specified  term.  This  power 
applies  only  to  the  classes  of  work  named  in  the  first 
part  of  the  footnote  below.  In  emergency  it  may  be 
exercised  by  two  or  more  members  of  the  S.A.  on  the 

*  The  making,  cleaning,  washing,  altering,  ornamenting,  finishing,  and 
repairing  of  wearing  apparel ;  the  making,  ornamenting,  finishing  and 
repairing  of  table  linen,  bed  linen,  or  other  household  linen  ;  the  making, 
ornamenting,  mending,  and  finishing  of  lace  and  of  lace  curtains  and 
nets  ;  the  making  of  curtains  and  furniture  hangings  ;  upholstery  work; 
fur-pulling  ;  the  making  or  repairing  of  umbrellas,  sunshades,  parasols, 
or  parts  thereof ;  the  making  of  artificial  flowers;  the  making  of  nets 
other  than  wire  nets ;  the  making  of  tents  ;  the  making  or  repairing  of 
sacks  •  the  covering  of  racquet  or  tennis  balls ;  the  making  of  paper 
bat's  • '  the  making  of  boxes  or  other  receptacles  or  parts  thereof  made 
wholly  or  partially  of  paper,  cardboard,  chip,  or  similar  material  ;  the 
making  of  brushes;  pea  picking;  feather  sorting ;  the  carding  boxing,  or 
packeting  of  buttons,  hooks  and  eyes,  pins,  and  hair  puis;  the  malcing 
of  stuffed  toys  ;  the  making  of  baskets  ;  and  any  processes  incidental  to 

the  above.  ,    .    ,     ,  i        j    i  • 

The  making  of  electro-plate ;  files  ;  iron  and  steel  cables  and  chains, 
anchors  and  grapnels ;  cart  gear,  locks,  latches,  and  keys.  The  manufac- 
ture or  brass:  and  of  any  articles  or  parts  of  articles  of  brass  ;  cabinet  and 
furniture  making  ;  and  any  processes  incidental  to  the  above. 
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advice  of  the  M.O.H.  The  order  may  be  subject  to 
conditions  as  to  disinfection  or  other  precautions. 

In  case  of  scarlet  fever  or  small-pox,  an  employer 
giving  out  work  or  wearing  apparel  is  subject  to 
penalty,  apart  from  any  order  from  the  S.A.  as  above^ 
unless  he  proves  that  he  was  not  aware  of  the  illness 
and  could  not  reasonably  have  been  expected  to 
become  aware  of  it. 

Industrial  poisoning. — "  Every  medical  prac- 
titioner attending  on  or  called  in  to  visit  a  patient 
whom  he  believes  to  be  suffering  from  lead,  phos- 
phorus, arsenical  or  mercurial  poisoning,  or  anthrax, 
contracted  in  a  factory  or  workshop,  shall  .  .  .  send 
to  the  Chief  Inspector  of  Factories,  at  the  Home 
Office,  London,  a  notice  stating  the  name  and  full 
postal  address  of  the  patient  and  the  disease  from 
which  in  the  opinion  of  the  medical  practitioner  the 
patient  is  suffering"  (s.  73,  1901).  A  fee  of  2s.  6d.  is 
allowed.  The  employer  must  notify  such  cases  to  the 
Inspector  of  Factories  and  to  the  Certifying  Surgeon. 

Lead  poisoning  arises  in  a  number  of  industries,  from  the 
materials  or  appliances  used.  Owing  to  more  stringent  pre- 
cautions the  number  of  reported  cases  in  the  United  Kingdom 
fell  from  1,258  in  1899  to  505  in  1910.  For  the  ten  yeats, 
1901-10,  the  totals  were— 


*White  Lead    971 

*Earthenware  &  china  946 

Coach-building   697 

*SmeltiDg  of  metals  ...  412 

*Paints  and  colours  383 

*Electrical  accumulators  283 

Ship-building    258 


Printing    215 

*File  cutting    180 

♦Tinning    151 

Vitreous  enamelling  62 

Other   1,641 


Total  6,199 


Those  marked  *  are  under  special  rules  or  regulations  as  dan- 
gerous trades.  The  great  danger  is  that  of  inhalation  or  swal- 
lowing of  dust,  but  there  is  also  risk  from  carrying  unwashed 
hands  to  the  mouth,  from  eating  or  using  tobacco  while  at  work, 
and  in  some  industries  from  fumes  containing  lead.  The  chief 
preventive  measures,  apart  from  those  directed  against  dust 
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and  fumes  (p.  650),  are  the  substitution  of  materials  free  from 
lead  or  containing  it  only  in  an  insoluble  and  comparatively 
harmless  form,  facilities  for  -washing  and  due  use  of  them, 
overalls  in  dusty  processes,  periodical  medical  examinntion  of 
workers,  and  exclusion  of  persons  found  to  be  susceptible. 
Women  appear  to  be  more  susceptible  than  men,  and  the  em- 
ployment of  children  and  even  of  young  persons  under  15  is 
forbidden  in  certain  lead  processes,  as  less  attention  to  pre- 
cautions can  be  expected  from  them. 

The  figures  given  above  are  those  for  industries  as  a  whole, 
each  including  a  variety  of  processes  involving  very  different 
degrees  of  risk  :  thus  in  pottery  processes  the  incidence  is  much 
greater  among  dippers  and  ware-cleaners,  who  handle  the 
glaze  before  it  is  fired  ;  and  in  the  processes  named  much  depends 
upon  the  nature  of  the  materials  handled,  the  frequency  and 
duration  of  employment,  the  conditions  of  work,  including 
observance  of  precautions,  and  upon  the  age  and  sex  of  the 
workers.  These  considerations  are  material  in  estimating  the 
statistical  value  of  attack-rates  or  mortality  rates,  in  all 
industrial  diseases  and  not  merely  as  regards  plumbism.  A 
further  necessary  consideration  is  the  character  of  attack, 
which  varies  greatly  as  regards  the  nature,  site,  and  severity  of 
symptoms,  and  shades  off  into  constitutional  conditions  which 
can  hardly  be  regarded  as  poisoning  or  disease,  and  may  only 
be  revealed  by  large  statistics  showing  greater  tendency  to 
more  remote  affections,  such  as  the  kidney  disease  and  gout 
which  are  found  from  mortality  returns  to  be  more  common 
among  lead-workers  than  others. 

Fhosjjhorus  jwisoning  is  now  rare,  stringent  precautions 
having  been  imposed  in  1898  in  the  lucifer  match  factories  in 
which  white  (or  "  yellow  " )  phosphorus  was  used,  and  the  use  of 
that  substance  was  prohibited  from  January  1st,  1910,  by  the 
"White  Phosphorus  Matches  Act  of  1908.  Its  characteristic 
manifestation  is  necrosis  of  the  jaw,  arising  in  connexion  with 
carious  teeth :  it  rarely  occurs  until  the  employment  has  been 
long  'continued,  and  there  is  some  reason  to  suppose  that  it  is 
dependent  upon  a  constitutional  change  predisposing  to  locnl 
attack.  Substitutes  for  yellow  phosphorus  have  been  found 
in  red  phosphorus  (a  harmless  form),  sesquisulpmde  of  phos- 
phorus, and  other  chemicals. 

The  reported  attacks  in  1901-10  were  4,  1,  0,  1,  3,  0,  1,  1, 

^'  ^Arsenical  poisoning  arises  chiefly  in  connexion  with  paints 
and  colours  and  in  chemical  works,  or  exceptionally  fi'Om  the 
evolution  of  arseniuretted  hydrogen  in  metallurgical  processes. 
In  1901-10,  66  attacks  were  reported. 
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Mercurial ]}oisoning  is  met  with,  in  industries  in  which  mercury 
or  a  mercurial  salt  is  used :  including  the  making  of  ther- 
mometers and  other  scientific  instrunaents,  furriers'  work  (m 
"  carrotting")  and  chemical  works.  Formerly  it  was  observed 
among  "  water  gilders  "  employed  in  «'  silvering  "  mirrors  by 
means  of  mercury.  In  addition  to  salivation,  alimentary 
disturbances  and  cachexia,  there  are  peculiar  fine  tremors  of  the 
hands  and  arms,  with  occasional  pains  in  the  joints.  In  1901- 
10,  85  attacks  were  reported. 

Anthrax  was  reported  in  512  instances  in  1901-10. 


Industby. 

Attacks. 

Deaths. 

Wool,  Worsted   

205 

44 

Horsehair,  Bristles   

96 

20 

Hides,  Skins   

154 

37 

Other   

57 

19 

Internal  anthrax  is  generally  fatal.  Among  external  cases 
the  pustule  is  usually  (85%)  on  the  head  or  neck,  but  in  12% 
on  the  hand  or  arm. 

The  infection  in  the  trades  named  above  is  due  to  materials 
imported  from  Eastern  countries  in  which  anthrax  is  rife,  e.g. 
Van  mohair,  Persian  wool,  Siberian  and  Chinese  horsehair, 
Chinese  and  Persian  sldns.  Dry  and  dusty  materials  and 
processes  are  especially  dangerous,  and  greasy  or  moist  goods 
(e.g.  salted  hides)  less  so.  Where  disinfection  is  impracticable 
and  infected  materials  are  used,  the  preventive  measures 
turn  upon  suppression  of  dust,  personal  cleanliness,  protec- 
tive garments,  and  immediate  attention  to  abrasions  of  the 
skin,  however  slight.  Eai'ly  diagnosis,  prompt  excision  of 
anthrax  pustules,  and  the  use  of  Sclavo's  serum  are  important. 

Brass-founders^  ague,  attributed  to  zinc  fumes,  is  charac- 
terized by  recurrent  attacks,  with  cold,  hot,  and  sweating 
stages,  differing  from  those  of  malaria  in  not  being  periodic. 

Other  provisions  of  the  Factory  Act  require  only- 
brief  mention  here,  and  the  following  summary  may 
suffice. 

Safety. — Dangerous  machinery  must  be  fenced  or  made 
safe  by  position.  The  use  of  dangerous  ways,  works,  machinery 
or  plant,  or  of  dangerous  premises,  can  be  forbidden  by  a 
Court.     Certain  dangerous  employments  are  forbidden  to 
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"  children  "  and  "  young  persons,"  and  further  limitations  of 
this  kind  can  be  imiDosed  by  the  Certifying  Surgeon.  Where 
any  manufacture,  plant,  process,  or  description  of  manual 
labour  is  certified  by  the  Home  Secretary  as  dangerous  or 
injurious  to  health,  or  dangerous  to  life  or  limb,  regulations 
(of  general  application)  or  special  rules  (for  particular  works) 
may  be  made  :  many  such  codes  are  in  force. 

Accidents  which  are  fatal,  or  which  cause  disablement 
for  ordinary  woi'k  for  seven  days  (or,  if  caused  by  power 
machinery,  molten  metal,  hot  liquid,  explosion,  escape  of  gas 
or  steam  or  electricity,  such  disablement  for  one  whole  day) 
must  be  registered  and  reported  to  the  Factory  Inspector  ;  and 
also  (except  the  seven-day  accidents  above)  to  the  Certifying 
Surgeon.  These  obligations  arise  under  an  Amending  Act 
(Notice  of  Accidents  Act,  1906)  and  extend  to  dock  processes 
aad  building  operations.  About  120,000  accidents  per  year  are 
so  reported,  and  of  these  rather  less  than  1%  are  fatal. 

Age  and  sex. — Children  under  12  may  not  be  employed. 
Above  12  they  may  be  employed  for  half-time  (if  they  have 
attained  a  certain  standard  and  if  the  local  educational  bye- 
laws  permit),  but  must  attend  school  for  the  other  half.  In 
factories  and  certain  workshops  they  must  have  a  certificate  of 
fitness  (as  to  age  and  physique)  from  the  Certifying  Surgeon, 
which  may  be  coupled  with  conditions  as  to  the  natui-e  of  the 
employment  permitted.  ' '  Young  persons  "  are  those  between 
14  and  18  (or  between  13  and  14  subject  to  conditions  as  to 
educational  certificates),  and  are  eligible  for  fuU  time  employ- 
ment, with  certain  limitations.  Certificates  of  fitness  are 
required  for  those  under  16  employed  in  factories  and  certain 
workshops.  A  woman  must  not  be  employed  within  4  weeks 
after  giving  birth  to  a  child. 

Hours  and  intervals. — The  period  of  employment  for 
women  and  young  persons  in  textile  factories  is  on  ordinary 
days  12  hours  (6  to  6  or  7  to  7),  less  2  hours'  intervals,  and  on 
Saturday  6  hours  (6  to  12  or  7  to  1,  with  |  hour  interval,  or  6  to 
12.30,  with  an  hour  interval)  ;  or  a  weekly  total  of  55^  working 
hours.  In  non-textile  factories  and  in  worhshops  it  is  12 
hours  on  ordinary  days  (6  to  6,  7  to  7,  or  8  to  8),  with  1^  hours 
intervals,  and  on  Saturdays  8  hours  (6  to  2,  7  to  3,  or  8  to  4), 
with  1  hour  interval;  or  a  weekly  total  of  60  hours.  In 
laundries  additional  latitude  is  allowed. 

There  is  a  further  limit  as  to  continuous  spell  of  employment, 
which  must  not  exceed  4|  hours  in  textile  factories  and  printing, 
bleaching  and  dyeing  works,  or  5  hours  in  non-textiles  factories 
and  workshops,  without  an  interval  of  |  horn-.  Certain  holidays, 
amounting  to  six  days  in  the  year,  are  prescribed.  Work 
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on  Sundays  is  prohibited.  The  hours,  intervals  and  holidays 
must  be  fixed  by  notice.  None  of  the  above  provisions 
apply  to  men  over  18,  and  certain  exceptions  are  allowed  as 
regards  women,  young  persons  and  children  in  special  cases  : 
e.g.  women  may  be  employed  "overtime"  for  2  hours,  on  not 
more  than  3  days  in  any  week,  nor  more  than  30  days  in  any 
12  months,  in  certain  specified  branches;  and  in  others  male 
young  persons  can  be  employed  at  night. 

The  Alkali,  etc.,  Works  Reg^ulatioii  Act, 
1006,  applies  to  a  wide  variety  of  chemical  and  other 
works,  and  is  administered  by  Inspectors  appointed 
by  the  L.G.B.  It  regulates  inter  alia  the  discharge 
of  acid  gases  into  the  atmosphere  ;  thus  in  alkali 
works  the  escaping  air  or  smoke  must  not  contain 
moi'e  than  \  gr.  of  muriatic  acid  per  cub.  ft., 
and  in  other  specified  woi'ks  the  acid  gases  discharged 
must  not  exceed  the  equivalent  of  1^  gr.  of 
sulphuric  anhydride  per  cub.  ft.  The  best 
practicable  means  must  be  adopted  for  preventing  the 
escape  of  noxious  and  offensive  gases,  and  rendering 
them  harmless  and  inoffensive.  Acid  drainage  must 
not  be  allowed  to  mix  with  alkali  waste  so  as  to  cause 
nuisance.  The  owner  may  require  the  S.A.  to  pro- 
vide and  maintain  at  his  expeuse  a  drain  for  carrying 
the  acid  waste  into  the  sea  or  any  watercourse  into 
which  it  can  be  taken  without  breach  of  the  law. 
Alkali  waste  must  not  be  deposited  or  discharged 
without  the  beist  practicable  and  available  means 
being  used  to  prevent  nuisance. 

On  complaint  from  the  S.A.  or  from  ten  inhabi- 
tants, that  nuisance  arises  from  contravention  of  the 
Act,  the  L.G.B.  must  institute  such  inquiry  and 
direct  such  proceedings  as  they  think  fit. 

Mines  are  controlled  by  the  Coal  Mines  Eegulation  Act, 
1887,  and  the  Metalliferous  Minos  Regulation  Act,  1872  (many 
of  the  provisions  of  which  are  extended  to  quarries,  over 
20  feet  in  depth,  by  the  Quames  Act,  1894),  and  amending 
Acts.    These  Acts  are  administered  by  H.M.  Inspectors  of 
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Mines,  but  in  one  or  two  minor  points  they  give  powers 
under  the  Public  Health  Acts  to  the  S.A. 

The  Shop  Hours  Acts,  1§92,  l§93,aiid 

are  administered  by  the  County  and  Borough  Councils. 
They  contain  no  sanitary  provisions,  but  regulate  the 
hours  of  employment  of  young  persons  under  18, 
whether  wholly  in  a  shop  or  partly  also  in  a  factory 
or  workshop.  The  total  number  of  hours,  including 
meal  hours,  must  not  exceed  74  in  any  week^  and  a 
notice  of  this  limit  must  be  kept  affixed  in  the  shop. 
"  Shops "  include  warehouses  and  licensed  public 
houses  and  refreshment  houses  of  all  kinds.  A  further 
Act  (Seats  for  Shop  Assistants  Act,  1899)  requires 
one  seat  to  be  provided  for  every  three  female 
assistants. 

The  Employment  of  Children  Act,  1903,  en- 
ables urban  S.A.'s  with  a  population  over  20,000  (or,  in  the 
case  of  boroughs  over  10,000,  and  elsewhere  the  County 
Council)  to  make  bye-laws  regulating  the  employment  of 
children  under  14  (not  under  the  Factory  or  Mines  Acts)  and 
street  trading  by  persons  under  16  ;  it  forbids  carrying  of 
heavy  weights  or  other  injurious  occupation,  street  trading  by 
children  under  11,  and  (in  general)  work  between  9  p.m.  and 
6  a.m. ;  but  as  regards  children  employed  in  mines,  factories, 
and  workshops,  these  provisions  are  administered  by  Home 
Office  Inspectors  onlj'-. 

Under  the  Prevention  of  Crnelly  to  Children 
Act,  1904j  the  S.A.  are  charged  with  the  dutj^  of  seeing 
to  the  observance  of  the  conditions  of  licences  granted  by  a 
Court  for  Ihe  employment  of  children  over  10  in  public 
entertainments. 

The  Workmen's  Compensation  Act,  1906, 
deals  with  certain  industrial  diseases  as  well  as  accidents. 
Where  (a)  the  Certifying  Surgeon  (or  other  practitioner 
appointed  by  the  Home  Secretary  for  the  purpose)  certifies 
that  a  workman  is  suffering  from  a  disease  named  below,  and 
thereby  disabled  from  earning  full  wages  at  the  work  on  which 
he  was  emjjloyed,  or  (/')  a  workman  is  suspended  in  pursuance 
of  Regulations  or  sjDecial  Rules  from  his  usual  employment  on 
account  of  having  contracted  such  a  disease,  or  (c)  tbe  death 
of  a  workman  is  caused  by  such  a  disease,  claim  to  ccmpensa- 
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tion  arises  if  the  disease  can  be  shown  to  be  due  to  the  nature 
of  the  employment.  In  certain  specified  cases  (col.  2)  this 
industrial  causation  is  assumed,  unless  the  Certifying  Surgeon 
certifies,  or  the  employer  proves,  the  contrary.  Additions  to 
the  Act  can  be  made  by  order  of  the  Home  Secretary. 


Disease. 
(1) 


Poisoning  (or  the  serinelae  of  such 
poisoning)  by- 
Lead  N 
Mercury 
Phosphorus 
Arsenic 

Carbon  bisulphide 

Nitro-  and  amido-derivatives  of 

benzene  (e.g.  anilin,  di-nitro- 

benzol) 

Nitrous  fumes  \_ 
Nickel  carbonyl  j 
African  boxwood 
(Gonioma  Kamassi) 
Anthrax 

Chrome  ulceration,  or  its  sequelfe 

Eczematous  ulceration  of  the  skin, 
produced  by  dust  or,  liquids,  or 
ulceration  of  the  mucous  mem- 
brane of  the  nose  or  mouth  pro- 
duced by  dust 

Ulceration  of  the  nose  or  mouth 
produced  by  dust 

Epithelioma  of  the  skin  or  cornea 
due  to  pitch  tar  or  tarry  com- 
pounds 

Epithelioma  of  the  scrotum 

Glanders 


air    illness  (caisson 


Compressed 
disease) 
Nystagmus 

"Beat  hand"  subcutaneous 
"  Beat  knee  "  j  cellulitis 
Beat  elbow  (acute  bursitis) 
Synovitis  of  wrist-joint  and  tendon  i 
sheaths  ] 
Ankylostomiasis  / 
Cataract  in  glass-workers 


Telegraphists'  cramp 


Processes. 
(2) 


Any  process  involving  the  use  of 
these,  or  their  preparations  or 
compounds 


Any  process  in  which  these  gases 

are  evolved 
Manufacturing  articles  therefrom 

Handling  of  wool,  hair,  bristles, 

hides,  skins 
Use  of  chromic  acid,  or  bichromates, 

or  their  preparations 


Handling  or  use  of  pitch  tar  or  tarry 
compounds 

Chimney-sweeping 

Care  of  any  equine  animal  suffering 

from   glanders ;    handling  the 

carcase  of  such  animal 
Work  in  compressed  air 


Mining 


Processes  in  the  manufacture  of 
glass  involving  exposure  to  the 
glare  of  molten  glass 

Use  of  telegraphic  iiisti  uments 
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MILITARY  AND  NAVAL  HYGIENE 

The  principles  of  hygiene  whicli  concern  com- 
munities and  residential  institutions,  and  upon  which 
their  pxiblic  health  depend,  apply  equally  to  the 
Army  and  Navy.  Military  and  naval  sanitation 
is,  however,  "trade"  sanitation,  that  is  it  concerns 
two  professions  of  selected  adult  men  placed  for  a 
longer  or  shorter  period  under  exceptional  conditions 
of  confinement  in  barracks,  camps,  or  ships,  and 
exposed  suddenly  to  exceptional  strain  and  stress, 
and  in  various  climates.  The  persons  in  both  these 
callings  are  selected  lives,  thus  certain  problems 
of  preventive  medicine  do  not  arise ;  on  the  other 
hand,  they  suffer  from  special  incidences  of  certain 
diseases,  and  thus  create  peculiar  problems  of  their 
own  (e.g.  scurvy  was  formerly  a  sailor's  disease, 
and  tuberculosis  and  venereal  diseases  are  still  pre- 
valent in  modern  armies),  are  massed  together,  are 
less  resistant  owing  to  exposure  and  fatigue,  and  fre- 
quently have  to  live  temporarily  under  insanitary 
circumstances. 

Hygiene  op  the  Army 

Sanitary  service.— At  the  head  of  the  organi- 
zation is  the  Director-Gene)  al  of  the  Army  Medical 
Service,  who  is  assisted  by  civil  and  military  experts 
on  the  Army  Medical  Advisory  Board  at  the  VVar 
Olfice.  Under  him  are  various  Deputies  and  Assist- 
ants in  charge  of  the  Army  Medical  Department. 
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Next  in  order  come  the  principal  medical  officers 
of  commands  and  divisions,  who  occupy  towards 
their  respective  commanders  the  same  position  that 
the  Director-General  bears  to  the  Army  Council, 
Under  them  are  specialist  sanitary  officers  for  each 
command,  division  and  unit,  the  last  named  being 
responsible  for  sanitation  of  barracks  and  camp.  In 
time  of  war  this  same  arrangement  obtains  for  the 
field  army.  The  administration  of  the  lines  of 
communication  is  under  the  Inspector-General,  who 
has  under  him  a  sanitary  staff  responsible  for  sani- 
tation of  the  lines,  subdivided  into  "  Sanitary  dis- 
tricts," each  having  a  sanitary  "  section "  forming 
the  nucleus  of  a  sanitary  establishment  and  responsi- 
ble for  the  "  Sanitary  squads."  The  duties  of  the 
squad  are  (a)  to  execute  skilled  sanitary  work  in 
connexion  with  disinfection,  water  supply  and  con- 
servancy, and  (b)  to  act  as  sanitary  police.  The 
duties  of  the  "district"  sanitary  officer  on  the 
other  hand  are  analogous  to  those  of  a  M.O.H.,  and 
the  officer  at  the  base  acts  like  a  Poi-t  Sanitary 
Authority  and  isolation  hospital  Superintendent.  In 
addition  to  the  above  organization  a  Sanitary  In- 
spection Committee  is  formed  on  mobilization  for 
general  supervision  (undertaken  by  engineering, 
veterinary,  and  medical  officers). 

Selection  of  soldiers.— The  British  army  is 
enlisted  on  the  voluntary  system.  Recruits  must 
be  of  a  certain  height  (5  ft.  3  in.  to  5ft.  8  in.)  and  chest 
girth  (33|  in.  and  expansion  range  of  2  in.).  Before 
enlistment  is  complete  each  recruit  is  examined  by 
a  medical  officer  under  the  Medical  Regulations 
for  mental  condition,  absence  of  infirmity  (including 
hei-nia  and  varicocele),  condition  of  heart,  lungs, 
joints,  feet,  sight,  hearing,  etc.  In  1909,  of  the 
recruits  examined  in  the  United  Kingdom,  30  per 
cent,  were  rejected  as  unfit  for  the  army.  About 
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1  per  cent,  further  were  rejected  as  unfit  within 
three  months  of  enlistment.  The  chief  causes  of 
rejection  are  loss  and  decay  of  teeth  (18  per  cent, 
of  rejections),  under  chest  measurement,  diseases  of 
the  heart  and  defective  vision. 

Barracks.— Site,  situation  and  general  sani- 
tation must  be  judged  as  for  other  residential  insti- 
tutions. The  dimensions  of  the  barrack  room  are, 
length  60  ft.,  breadth  20  ft.,  and  height  12  ft. 
Each  of  the  24  men  has  therefore  600  cub.  ft. 
of  air.  Between  two  barrack  rooms  is  the  central 
staircase,  and  at  each  of  the  ends  is  an  ablution 
room,  one  basin  and  urinal  being  provided  for  every 
four  men  and  15  gallons  of  water  for  each  man. 
In  every  case  a  bath  is  also  fixed.  Ventilation 
is  obtained  by  the  natural  system.  In  India  barracks 
are  further  provided  with  punkahs,  plunge  baths, 
and  dry  earth  closets  ;  in  the  plains  the  regulations 
sanction  1800  cub,  ft.  of  space  per  man.  Disease 
rarely  originates  in  the  barracks ;  it  is  introduced 
from  outside,  and  spreads  in  proportion'to  the  degree 
of  overcrowding  existing.  Delorme  claims  that  the 
space  between  barrack  sleeping  cots  is  the  most  import- 
ant requirement  in  barrack  hygiene.  Cubic  space  in 
the  dormitory  must  never  be  sacrificed  to  cubic 
space  in  the  dining  and  recreation  rooms. 

Camps  should  be  compact  and,  as  far  as  possible, 
fixed  in  salubrious  positions.  High  ground  or  a 
hill  side,  on  grass  if  possible,  are  the  best  sites. 
River  beds,  ravines,  and  depressions  of  ground,  as 
well  as  I  tilled  or  made  ground,  are  bad  sites.  The 
chief  sanitary  points  requiring  attention  are  clean- 
liness of  the  camp,  water-supply  and  conservancy. 
The  quantity  of  water  required  is  usually  estimated 
at  5  gallons  per  man  in  standing  camp  and  10  gallons 
per  horse.  Less  than  1  gallon  per  man  daily  is 
privation.     Water  in  camp  may  be  obtained  from 
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a  municipal  supply,  river,  lake,  spring  or  well,  or 
it  may  be  necessary  to  bore  (Norton's  pump,  see 
p.  46).  A  water-supply  staff  must  be  appointed 
responsible  for  collection  and  purification  (which 
may  be  secured  by  sedimentation,  precipitation  by 
1  grain  of  alum  per  gallon,  or  filtration).  Filtration 
of  water  in  camp  may  be  accomplished  by  means 
of  (a)  a  blanket  or  sheet  of  cloth,  (b)  double-barrel 
filter,  or  (c)  domestic  filter  (Berkefeld  or  Pasteur- 
Chamberland  in  England,  Germany  and  France, 
Darnell  in  America,  Ishiji  in  Japan).  Where  prac- 
ticable and  necessary,  a  sterilizer  may  be  used 
(usually  pasteurization  at  80°  C.  is  sufficient). 
Colonel  Melville  advocates  for  troops  on  the  move, 
filter  carts,  or  filters  carried  by  pack  or  human 
transport ;  for  stationary  units  and  standing  camps 
some  form  of  heat ;  for  small  detached  bodies  of 
intelligent  men  for  short  periods,  chemical  treatment 
(permanganate  of  potash,  sulphate  of  soda  in  a 
strength  of  15  gr.  to  the  pint,  etc.). 

Liati'ines  in  camp  may  suitably  take  the  form 
of  a  pail  system  or  trenches.     The  latter  should 


Fig.  47. — Army  latrines,  cross  section. 


be  short,  3  ft.  long,  1  ft.  wide  at  the  top,  and  2  ft, 
deep,  broader  at  the  bottom  (15  in.)  than  the  top. 
The  upper  edge  of  the  trench  may  be  rebated, 
leaving  a  ledge  6  in.  broad  and  4  in.  deep  on  each 
side  of  the  trench.  The  distance  between  the 
trenches  should  be  2|-3  ft.  and  one  trench  is  sufficient 
for  20  men.    One  set  of  such  trenches  can  be  used 
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for  4  days,  and  if  a  camp  is  to  remain  in  one 
place  for  more  than  a  fortnight  a  pail  system  must 
be  instituted  with  proper  wooden  latrines.  Where 
trenches  are  used  all  excreta  should  be  covered 
immediately,  and  trowels  or  scoops  must  be  provided. 
Screening  is  necessary.     The  best  form  of  camp 

Fig.  48. — Camp  urinal,  cross  section. 


urinal,  that  described  by  Captain  Tilbury  Brown, 
consists  of  a  4  ft.  square  pit  into  which  run  two 
trenches,  12  ft.  long  and  2  ft.  wide,  with  a  fall  of 
oue  inch  per  foot  The  pit  may  be  one-third  filled 
with  old  tins  and  clinker  from  the  camp  destructor 
and  then  filled  up  with  stones,  gravel  and  dry  earth. 


Fig.  49. — Camp  urinal, 
plan. 


7 


and  the  urine,  if  conducted  to  the  bottom  of  the  pit, 
must  filter  upwaixls,  which  allows  for  oxidation. 
Portable  tubs  or  buckets  may  be  used  at  night, 
and  the  contents  ultimately  placed  in  a  special  pit. 
Whenever  a  camp  is  occupied  as  a  permanency,  pail 
earth  closets  must  be  used.  Latrines  of  whatever 
kind  should  be  100  yards  from  the  tents  (leeward 
preferably). 

The  efficiency  of  a  conservancy  system  may 
largely  be  judged  by  the  presence  or  absence  of 
flies.    Spraying  with  crude  carbolic  solution  or  solu- 
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tion  of  saponified  creosote,  or  the  use  of  quicklime, 
combined  with  cleanliness  and  frequent  removal,  are 
the  best  preventive  methods.  Excreta  in  camp  should 
be  buried  or  burned  in  an  incinerator.  By  the  latter 
method  camp  rubbish  may  also  be  disposed  of.  For 
disinfection  in  camp,  cai^bolic,  chloride  of  lime,  and 
paraffin  oil  are  useful.  The  sites  of  latrines  should  be 
marked  when  the  camp  is  moved. 

Ociieral  liyg-ieiie.— The  health  of  the  field  army 
depends  in  large  degree  upon  the  personal  hygiene  of 
the  rank  and  file,  and  this  in  turn  is  dependent  upon 
sufficiency  and  suitability  of  food  and  clothing,  cleanli- 
ness of  the  person,  moderation  or  abstinence  as  regards 
alcohol,  avoidance  of  sunstroke  by  day  and  chill  at  night, 
and  the  care  of  the  feet.  The  frequent  and  careful 
washing,  and  the  subsequent  careful  drying,  of  the  feet 
is  a  matter  of  the  first  importance  (0-5  per  cent,  form- 
aldehyde or  weak  permanganate  may  be  used  for 
hyperidrosis).  Eoot  powder  may  be  necessary;  3 
parts  of  salicylic  acid,  10  of  starch,  and  87  of  talc 
is  a  mixture  used  in  the  German  army  ;  and  swabbing 
with  a  10  per  cent,  solution  of  chromic  acid  in  the 
French  army.  Well  made^  knitted  woollen  socks  and 
properly  fitting  boots  are,  of  course,  necessary.  The 
commonest  causes  of  men  falling  out  on  the  march 
are  (a)  intestinal  and  stomach  troubles,  (b)  faintness 
from  starting  on  empty  stomach,  (c)  sore  feet,  and  (d) 
heat.  In  the  earlier  fighting  of  the  Franco-German 
war  30,000  men  were  disabled  owing  to  sore  or 
injured  feet. 

Preventive  methods. —The  principles  of  the 
prevention  of  disease  in  the  army  are,  broadly,  the  same 
as  in  other  communities,  namely,  a  non-infectious 
environment,  early  recognition  of  the  disease  on  oc- 
currence, isolation  or  segregation  of  the  infectious  sick, 
and  disinfection.  The  chief  diseases  to  be  considered 
are  tuberculosis,  enteric  fever,  dysentery,  malaria. 
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heat-stroke,  ophthalmia,  and  venereal  disease.  Of  the 
infectious  diseases,  the  intestinal  (enteric,  dysentery )  are 
the  most  serious,  and  of  the  tropical  diseases,  malaria. 
For  the  prevention  of  enteric,  the  segregation  of  the 
"carrier"  case,  the  reduction  of  infection  by  flies 
contaminating  food,  and  the  effective  control  of  the 
water  supply  and  the  conservancy  system  are  the 
essential  points.  In  cholera  it  is  visually  sufficient 
to  concentrate  on  the  water  supply.  The  preventive 
methods  for  tuberculosis  and  malaria  are  those  prac- 
tised in  civil  communities.  The  other  infectious 
diseases  which  call  for  action  are  small-pox,  measles, 
and  scarlet  fever.  Vaccination  of  every  man  in  the 
unit,  and  early  diagnosis  and  isolation  are  the  avail- 
able methods  of  prevention.  Heat  stroke  is  avoidable 
by  suitable  headgear,  marching  in  "  open  order," 
avoidance  of  undue  fatigue,  and  abstinence  from 
alcohol.  Ophthalmia  in  its  various  forms  is  pre- 
ventable by  ample  air  space  and  ventilation,  clean- 
liness, protection  of  the  eyes  from  dust  and  glare,  and 
early  segregation  of  the  sick. 

Military  hospitals.— Hospital  construction  for 
military  purposes  is,  of  course,  generally  speaking, 
the  same  as  for  civil.  The  regulations  allow  1,200 
cub.  ft.  for  each  man,  in  tropical  climates  1,500  ft., 
and  in  India  1,600  ft.  (in  the  hills)  to  2,400  ft. 
(in  the  plains).  Military  hospitals  are  classified  for 
districts  and  commands  and  for  the  field  army.  The 
former  include  general,  station  and  lunatic  hospitals, 
and  special  hospitals  on  troopships,  and  for  soldiers' 
wives  and  children  ;  the  latter  include  general  hos- 
pitals, hospitals  on  the  lines  of  communication,  field 
hospitals,  and  hospital  ships.  The  field  hospital  sys- 
tem consists  of  (a)  collecting  stations  near  the  fighting 
line  but  under  shelter,  (b)  the  dressing  stations 
out  of  range  of  fire,  (c)  the  field  hospital  (tents),  and 
{d)  the  general  hospital  at  the  base  (huts). 
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Mortality  statistics.— The  chief  causes  of  dis- 
ease-mortality in  modern  armies  are  phthisis,  heart  dis- 
ease, diseases  of  the  nervous  system,  lung  disease,  and 
fevers  (including  rheumatic).  The  ravages  of  disease 
in  the  field,  either  fatal  or  disabling,  are  mainly  due  to 
injuries,  venereal  disease,  enteric,  diarrhcea,  and  dysen- 
tery, malaria,  infectious  diseases  and  minor  septic 
diseases.  Caries  of  the  teeth,  and  sore  feet,  must  also  be 
added  as  disabling  conditions.  Typhus  *  and  scurvy  t 
have  disappeared  as  serious  contributors.  The  death- 
rate  for  troops  at  home  and  abroad  in  1909  was  4-1  per 
1,000  (as  compared  with  9*0  in  the  decade  1889— 
1898).  The  "constantly  sick  "  rate  in  1909  was  28-8 
per  1,000  ;  within  a  decade  (1899-1908)  the  efi"ective 
strength  of  our  army,  as  indicated  by  the  fall  in 
"constantly  sick"  rates,  has  been  raised  by  5,776 
men,  and  the  wastage  through  deaths  and  invalidity 
has  been  reduced  by  2,900  men  per  annum.  This 
result  is  attributed  to  («)  changes  in  the  medical  ad- 
ministration, (b)  improved  methods  in  the  treatment 
of  disease,  (c)  improved  sanitation,  and  (d)  greater 
care  and  ixijifoi'mity  in  recruiting. 

Hygiene  of  the  Navy 

The  chief  problem  of  hygiene  at  sea  originates  in 
the  limitation  of  accommodation  on  board  ship — cubic 
capacity,  cleanliness,  ventilation,  spread  of  infectious 
disease,  and  dietary  are  all  involved.  There  is  still 
much  room  for  improvement  in  these  matters,  particu- 
larly in  the  merchant  service.  The  Merchant  Ship- 
ping Act,  1906,  enlarged  the  minimum  cubic  space 
for  a  merchant  seaman  in  ships  laid  down  after  1906 
from  72  to  120  cubic  feet  per  head.    For  a  man-of- 

*  It  is  officially  stated  that  in  the  Bavai  ian  army  in  1812,  26,000  out  of 
28,000  men  diert'of  tyjihus,  and  aftef  Plevna  (50,000  out  of  a  strength  of 
120,000  of  llie  Russian  army. 

t  In  the  Crimean  war  the  Turlcish  armv  was  nearly  destroyed  by  scurvy, 
and  there  were  40,000  cases  in  tjie  allied  Bflglish  and  French  armies. 
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war  the  usual  allowance  is  200  cubic  feet.  Ventila- 
tion at  sea  is  generally  secured  by  perflation,  advantage 
being  taken  both  of  wind  and  of  the  air-currents  pro- 
duced by  the  onward  course  of  the  ship.  The  air  is 
collected  by  cowls,  which  direct  it  through  shafts,  or 
it  is  sent  below  by  wind-sails  or  in  calm  weather  by 
wind  scoops.  Some  of  the  largest  passenger  steamships 
are  now  heated  by  hot  pure  air  from  thermo  tanks  on 
the  top  deck,  supplying  air  to  all  pai'ts  of  the  ships, 
from  which  used  air  is  artificially  extracted.  The 
sirocco  fan,  the  Utley  porthole  ventilator,  and  the 
plenum  system  (with  or  without  a  vacuum  system) 
are  also  used. 

In  the  British  navy  there  were,  in  1909,  112,700 
men,  with  362  deaths,  yielding  a  death-rate  per  1,000 
of  3-21  from  all  causes,  and  a  death-rate  of  2*28  per 
1,000  for  diseases  alone.  In  1858  these  two  death- 
rates  were  25 '8  and  22-0  respectively.  The  chiet 
causes  of  death  in  1909  were:  general  injuries 
and  accident,  pneumonia,  disease  of  the  circulatory 
system,  enteric  fever  and  tuberculosis.  In  1909,  out 
of  72,540  cases  of  disease  or  injury,  15,046  were  at- 
tributed to  injury,  13,474  to  venereals  (including 
gonorrhoea),  11,691  to  diseases  of  digestive  system, 
8,268  to  diseases  of  the  skin,  and  7,762  to  diseases 
of  the  respiratory  system.  The  average  number  of 
men  sick  daily  is  about  26  per  1,000,  as  compared 
with  229  in  1782  and  64  in  1806.  The  great 
improvement  is  due  not  only  to  increase  of  cubic 
space  and  better  ventilation,  but  to  cleanliness,  im- 
proved sanitation,  the  use  of  lime  juice,  and  the 
earlier  recognition  and  isolation  of  cases  of  infectious 
disease  followed  by  disinfection.  Owing  to  the  im- 
mense reduction  in  the  length  of  voyages  the  dietary 
is  more  liberal  and  varied.  Scurvy  (see  p.  106)  has 
almost  disappeared  except  in  special  circumstances. 
Disinfection  on  board  ship  is  usually  carried  out  by 
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washing  with  suitable  disinfectant  (e.g.  liquid  sul- 
phurous acid)  and  fumigating  with  sulphur  (1  pound 
to  every  500  ft.).  In  vessels  carrying  inflammable 
cargoes,  liquid  sulphur  dioxide  may  be  used.  Water 
tanks  may  be  treated  with  permanganate  of  potash 
or  preferably  with  steam.  Bilges  are  disinfected  by 
pouring  in  strong  disinfectant  solution,  allowing 
the  water  to  enter,  and  then  pumping  into  the  sea. 
Eats  are  best  killed  by  pumping  in  a  lethal  gas 
(carbon  monoxide,  carbon  dioxide,  sulphur  dioxide, 
etc.). 

Port  Sanitary  Autliorities. — Reference  is 
made  elsewhere  to  the  various  duties  now  devolving 
upon  port  sanitary  authorities,  but  it  may  be  con- 
venient to  summarize  them  here.  The  four  most 
important  are  (1)  the  supervision  of  all  conditions 
affecting  the  health  of  persons  on  ship-board,  (2)  the 
prevention  of  the  introduction  of  infective  disease 
through  the  ports,  (3)  the  control  of  importation  of 
foreign  meat  and  other  foods  from  a  health  point  of 
view,  and  (4)  the  sanitation  of  ports.  The  general  and 
particular  principles  of  hygiene  dealt  with  in  this 
book  apply  in  these  as  in  similar  matters  in  ordinary 
sanitary  areas,  but  certain  special  arrangements  have 
been  made  to  which  cross-reference  is  desirable.  For 
the  duties  of  port  sanitary  authorities  and  their 
medical  officers,  see  pp.  548-552  ;  for  sanitary  law 
affecting  such  authorities,  pp.  578,  582,  587,  589 ; 
for  quarantine  regulations,  pp.  522-526  ;  for  re- 
gulations as  to  unsound  food  and  foreign  meat,  pp. 
639-642. 


CHAPTER  XXI 

BYE-LAWS  AND  REGULATIONS 

Bye-laws,  having  the  force  of  law,  may  be  made 
by  Sanitary  Authorities  for  the  better  government  of 
their  districts,  but  only  in  respect  of  certain  matters, 
and  under  certain  conditions,  expressly  stated  in 
the  Acts  of  Parliament,  They  are  designed  to 
supplement,  not  to  summarize,  vary,  or  supersede, 
the  express  provisions  of  the  statute  law.  It  is,  of 
course,  quite  open  to  any  S.A.  to  append  to  their  bye- 
laws  a  statement  or  summary  of  the  requirements  of 
the  statute  law  bearing  upon  the  same  matters.  In 
some  cases  this  course  is  advised  by  the  L.G.B.  Bye- 
laws  must  be  reasonable,  and  must  not  in  any  particular 
be  repugnant  to  the  provisions  of  the  general  law. 
They  have  (as  a  rule)  no  force  until  approved  by  the 
L.G.B.  Any  bye-law  may  be  altered  or  repealed  by  a 
subsequent  bye-law.  In  framing  bye-laws,  a  S.A. 
should  impose  reasonable  penalties,  not  exceeding  £5 
for  each  offence  ;  and  in  the  event  of  a  continuing 
offence,  a  further  penalty  not  exceeding  £2  per  day. 

Urban  authorities  are  eaipowered  to  make  bye- 
laws  as  follows  : — 

1.  Private  scavenging — For  imposing  upon  occu- 
piers the  duty  of  cleansing  pavements  and  footways, 
of  removing  house-refuse,  and  of  cleansing  earth-closets, 
ashpits,  privies,  and  cesspools.  Such  bye-laws  are  only 
to  be  made  if  the  S.A.  do  not  undertake  or  contract 
for  these  matters  *  (Public  Health  Act,  1875,  s.  44). 

2.  Prevention  of  nuisances. — For  the  prevention 

*  But  see  the  Public  Health  Acts  Amendment  Act,  1890,  p.  589. 
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of  nuisances  arising  from  snow,  filth,  dust,  ashes,  and 
rubbish.  For  the  prevention  of  the  keeping  of 
animals  on  any  premises  so  as  to  be  iniurious  to  health 
(Public  Health  Act,  1875,  s.  44). 

3.  Common  lodging-houses. — For  regulating  the 
number  of  lodgers  and  the  separation  of  the  sexes  ; 
for  promoting  cleanliness  and  ventilation  ;  for  giving 
notice  and  taking  precautions  in  case  of  infectious 
disease  ;  and  for  the  general  well-ordering  of  such 
houses  (Public  Health  Act,  1875,  s.  80). 

4.  Houses  let  in  lodgings.—For  regulating  the 
number  of  persons  and  separation  of  the  sexes  in  a 
house  or  part  of  a  house  let  in  lodgings  or  occupied 
by  members  of  more  than  one  family ;  for  the 
registration  and  inspection  of  such  houses  ;  for  drain- 
age, privy  accommodation,  cleanliness  and  ventilation  ; 
for  cleansing  and  whitewashing  at  fixed  times  ;  for 
paving  of  yards  ;  and  for  giving  notice  and  taking 
precautions  in  case  of  infectious  disease  *  (Public 
Health  Act,  1875,  s.  90).  The  Merchant  Shipping 
(Fishing  Boats)  Act  of  1883  gives  power  to  the  S.A. 
to  make  bye-laws  for  the  regulation  of  seamen^s 
lodging-houses. 

5.  Hop-pickers. — For  securing  the  decent  lodging 
and  accommodation  of  persons  engaged  in  picking 
hops  (Public  Health  Act,  s.  314). 

6.  Fruit-pickers. — For  securing  the  decent  lodging 
and  accommodation  of  persons  engaged  in  picking  fruit 
and  vegetables  [Public  Health  (Fruit-pickers)  Act, 
1882]. 

7.  Tents  and  vans. — For  promoting  cleanliness  in, 
and  habitable  condition  of,  tents,  vans,  sheds,  and 

*  The  M.O.H.  must  on  request  inspect  any  house  wholly  let  in 
tenements  at  rents  not  txeeeding  7s.  Gd.  weekly,  and  (if  satislied)  certify 
that  the  accomniodation  and  sanitary  arrangements  are  suitable.  The 
effect  is  to  exempt  from  Inhabited  House  Duty.  The  S.A.  may  appoint 
another  practitioner,  qualified  to  act  as  M.O.H.,  to  give  such  certificate 
(Customs  and  Inland  Revenue  Act,  1890). 
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similar  structures  used  for  human  habitation ;  for  pre- 
venting the  spread  of  infectious  disease  by  the  occu- 
pants thereof  ;  and  generally  for  the  prevention  of 
nuisances  in  connexion  with  the  same  (Housing  of 
the  Working  Classes  Act,  1885). 

8.  New  streets  and  buildings — With  respect  to 
the  level,  width,  construction,  and  sewerage  of  new 
streets  ;  with  respect  to  the  structure  of  walls,  founda- 
tions, roofs,  and  chimneys  of  new  buildings,  for  secur- 
ing stability  and  for  the  prevention  of  fires,  and  for 
purposes  of  health  ;  with  respect  to  ventilation,  and 
suthciency  of  air-space  about  buildings  ;  with  respect 
to  drainage,  closets,  ashpits,  and  cesspools  ;  with 
respect  to  the  depositing  of  plans  and  sections  of  pro- 
posed new  streets  and  buildings  ;  with  respect  to  the 
power  of  the  Authority  to  remove,  alter,  or  pull  down 
any  work  which  has  been  begun  or  done  in  contra- 
vention of  the  bye-laws  ;  and  with  respect  to  the 
closure  of  buildings  unfit  for  habitation  (Public 
Health  Act,  1875,  s.  157). 

9.  Mortuaries. — For  the  regulation  of  charges  and 
management  of  public  mortuaries  (s.  141). 

1 0.  Cemeteries. — For  the  regulation  of  charges  and 
management  [Public  Health  (Interments)  Act,  1879]. 

11.  Slaughter-houses. — For  the  licensing,  register- 
ing, and  inspection  of  slaughter-houses  and  knackers' 
yards  ;  for  preventing  cruelty  therein  ;  for  cleanliness 
and  daily  removal  of  filth  ;  and  for  providing  a  supply 
of  water  (Public  Health  Act,  1875,  s.  169). 

12.  Offensive  trades. — For  preventing  or  diminish- 
ing the  noxious  or  injurious  efiects  of  any  oflfensive 
trades  (Public  Health  Act,  1875,  s.  113). 

13.  'Marliets  and  fairs, — For  preventing  nuisances 
in  markets  and  fairs  ;  for  inspection  of  slaughter- 
houses, and  daily  removal  of  refuse  therefrom  ;  for 
preventing  the  sale  or  exposure  for  sale  of  unwhole- 
some   provisions  ;    and   for   many   other  purposes 
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(Public  Health  Act,  1875,  s.  167,  and  Public  Health 
Act,  1908). 

14.  Open  spaces, — For  the  regulation  of  public 
walks  and  pleasure  grounds  (Public  Health  Act,  s. 
164).  For  the  regulation  of  any  open  space,  church- 
yard, cemetery,  or  burial  ground  over  which  the  S.A. 
has  control  (Open  Spaces  Act,  1887). 

15.  The  Municipal  Corporations  Act,  1882,  s. 
23,  gives  power  to  the  Council  of  a  borough  to 
make  bye-laws  for  the  prevention  and  suppression  of 
nuisances  not  already  punishable  in  a  summary  manner 
by  virtue  of  any  Act  in  force  throughout  the  borough. 
County  Councils  have  similar  power  under  the  16th 
section  of  the  Local  Government  Act,  1888. 

16.  For  the  regulation  of  buildings  provided 
under  the  Housing  of  the  Working  Classes  Acts. 

17.  By  adopting  certain  portions  of  the  Public 
Health  Acts  Amendment  Act,  the  S.A.  may  make 
bye-laws  as  to  public  conveniences  pi-ovided  by  them  ; 
and  also  additional  bye-laws  as  to  new  (and  old) 
buildings,  removal  of  house  refuse,  and  prevention 
of  nuisances  (p.  589). 

18.  For  means  of  escape  from  fire  in  factories  and 
workshops  (Factory  and  Workshop  Act,  1901,  s.  15). 

Rural  Authorities  have  similar  powers  in  respect 
of  the  following  : — 


Private  scavenging  (1,  17). 
Common  lodging-houses  (3). 
Houses  let  in  lodgings,  and 

seamen's  lodging-houses  (4). 
Hop-pickers  (5). 
Fruit-pickers  (6). 


Tents  and  vans  (7). 

Mortuaries  (9). 

Means    of   escape  from 

fire,  in  factories  and 

workshops  (18). 


And  also  under  the  Housing  of  the  Working  Classes 
Acts  (16).  By  adopting  portions  of  the  Public  Health 
Acts  Amendment  Act,  they  can  make  certain  bye-laws 
as  to  new  (and  old)  buildings  (8,  17).  The  L.G.B.  may 
confer  upon  them  any  other  powers  as  to  bye-laws  which 
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the  Public  Health  Acts  give  to  Urljan  Authoiities 
(Public  Health  Act,  1875/s.  276). 

Bye-laws  as  to  common  lodging-houses  must  be 
made  by  every  S.A.,  and  as  to  slaughter-houses  by 
every  urban  S.A. ;  the  rest  are  optional. 

Any  S.A.  may  make  regulations  under  the  Dairies 
Order  (see  p.  628). 

A  S.A.  may  make  regulations  (to  be  approved 
by  the  L.G.B.)  for  the  removal  to  hospital,  and 
detention  in  hospital  as  long  as  necessary,  of  per- 
sons brought  within  their  district  by  ship  or  boat, 
and  infected  with  any  dangerous  infectious  disorder 
(Public  Health  Act,  s.  125).  They  may  also 
make  regulations  for  the  management  of  places  pro- 
vided by  them  for  post-mortem  examinations  ordered 
by  a  coroner. 

Model  l>ye-Ia\vs  have  been  prepared  by  the 
L.G.B.  in  respect  of  cei'tain  of  the  matters  upon  which 
S.A.  have  power  to  frame  bye-laws.  The  following 
have  been  issued  up  to  the  present  time : — 


Private  scavenging. 
Prevention  of  nuisances. 
Common  lodging-houses. 
New  streets  and  buildings. 
Markets. 

Slaughter-houses . 
Hackney-carriages. 
Public  bathing. 
Baths  and  wash-houses. 


Pleasure  grounds. 
Horses,  etc.,  let  for  hire. 
Pleasiu-e-boats. 
Houses  let  in  lodgings. 
Cemeteries. 
Mortuaries. 
Offensive  trades. 
Hop-pickers. 

Means  of  escape  from  fire,  in 
factories  and  workshops. 


These  Models  *  are  now  very  generally  adopted, 
with  occasional  slight  modifications,  by  S.A.  seeking 
to  frame  bye-laws.  The  following  summary  includes 
only  those  which  have  a  more  direct  bearing  upon 
sanitary  matters  : — 

*  Tlie  semi-official  Annotaled  MoM  iJiyc-^oiw  (Xiiiglit  and  Co.)  contains 
many  important  notes,  additions,  and  ilhustrations. 
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1.  Private  scavenging.  * — The  occupier  of  any 
premises  m\ist  cleanse  the  footways  and  pavements 
adjoining  his  premises  daily  except  Sunday.  He  must 
remove  the  house  refuse  once  a  week,  and  excreta  at 
intervals  not  exceeding  the  following  maximum 
limits  : — 

Must  be  cleansed  at  least — 
Earth-closets,  with  fixed  receptacle      .    once  in  three  months. 

,,  „    movable    ,,  .    once  a  week. 

Pi  "ivies,  whether  the  receptacles  are  fixed  1  qj^^.^  week 

or  movable  J 

Ashpits,  whether  receiving  excreta  or  1  ^^^^  ^  ^^^-^ 
not  ....  .       . J 

Cesspools     .       .  .       .    once  in  three  months. 

2.  Prevention  of  nuisances. — («)  Clearing  away 
snow. — The  occupier  of  any  premises  must  clear  away 
snow  from  the  footways  and  pavements  adjoining  his 
premises,  as  soon  as  possible  after  it  ceases  to  fall. 

(h)  Scavenging. — The  refuse  from  any  premises 
shall  only  be  removed  in  a  suitable  covered  receptacle 
or  carriage  ;  and  if  from  premises  within  20  yards  of 
any  dwelling,  public  building,  or  place  of  business 
only  between  [7.0  and  9.30  a.m.]  from  November  to 
Feb  ruary,  and  between  [6.0  and  8.30  a.m.]  from  March 
to  October.  Refuse  must  not  be  deposited  upon  any 
road,  and  any  refuse  accidentally  falling  upon  a  road 
nnist  be  immediately  gathered  up  and  the  place 
cleansed. 

(c)  Deposit  of  nightsoil  and  other  refuse. — No 
load  of  filth  must  be  deposited  for  more  than  [24] 
hours  within  [100]  yards  of  any  street,  dwelling, 
public  building,  or  place  of  business.  Nightsoil  de- 
posited for  agricultural  purposes  upon  land  within 
[100]  yards  of  a  street,  dwelling,  etc.,  and  not  deodor- 
ised, must  at  once  be  dug  or  ploughed  into  the  ground. 

{d)  Keeping  of  animals.  —  Swine  must  not  be 

*  Applicable  to  districts  where  the  S.A.  do  not  undertake  these  duties. 
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kept  within  [100]  feet  of  any  dwelling,  nor  cattle 
where  ^  they  may  polhite  water  likely  to  be  used 
for  drinking,  domestic,  or  dairy  purposes,  or  for 
manufacturing  drinks.  The  same  prohibitions  apply 
to  storage  of  dung.  Premises  wherein  are  kept  any 
swine,  cattle,  horses,  etc.,  must  be  provided  with 
proper  receptacles  for  manure,  and  with  efficient 
drainage  ;  the  receptacle  must  be  watertight,  covered, 
and  entirely  above  the  level  of  the  ground,  and  it 
must  be  cleansed  at  least  once  a  week  ;  the  drain  must 
be  properly  constructed  and  kept  in  order  at  all  times, 
so  as  to  convey  all  liquid  filth  to  a  sewer,  cesspool,  or 
other  suitable  receptacle. 

3.  Common  lodging  -  houses,  (a)  Number  oj 
lodgers. — The  S.A.  may  specify  by  notice  in  writing 
the  maximum  number  of  lodgers  to  be  accommodated 
in  each  room,  and  the  keeper  must  not  allow  this 
number  to  be  exceeded  ;  notice  stating  the  maximum 
number  allowed  must  be  exhibited  in  each  room.* 
The  S.A,  may  vary  the  number  from  time  to  time 
by  further  notice. 

{h)  Separation  of  seaxs. — In  general,  no  person 
above  ten  years  of  age  must  occupy  the  same  sleeping- 
room  as  persons  of  the  opposite  sex,  but  rooms  may 
be  set  apart  for  the  sole  use  of  married  couples,  to  the 
exckision  of  other  persons  over  ten  years  of  age,  on 
condition  that  every  bed  is  screened  off.  No  bed  must 
be  occupied  by  more  than  one  male  above  ten  years 
of  age. 

(c)  Cleanliness  of  premises. — The  yards,  etc.,  must 
be  kept  clean  and  in  good  order ;  all  floors  swept  daily 
and  washed  once  a  week ;  all  windows,  painted  sur- 
faces, and  fittings  of  wood,  stone,  or  metal,  kept  clean. 

{d)  Closets  must  be  kept  clean  and  in  good  and 
efficient  order. 

.  *  It  is  usual  to  require  at  least  300  cub.  ft.  of  air-space  per  head,  but 
to  count  two  children  as  one  adult. 
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(e)  Ashpits  must  be  kept  clean  and  in  good  order. 
No  filth  or  wet  refuse  must  be  thrown  into  ashpits 
designed  for  dry  refuse  only. 

{/)  Management  of  sleej)ing -rooms. — The  windows 
must  be  opened  fully  for  an  hour  in  the  morning, 
and  an  hour  in  the  afternoon,  except  in  case  of  stress 
of  weather  or  occupation  of  the  room  by  a  sick  person, 
or  other  sufficient  cause.  Beds  must  be  stripped  of 
clothes  and  exposed  freely  to  the  air  for  an  hour 
each  day,  and  must  not  be  reoccupied  within  eight 
hours  after  being  vacated.  All  refuse  and  slops  must 
be  removed  every  day  before  10  a.m.,  and  all  utensils 
cleansed  daily.  Every  sleeping-room  must  be  provided 
with  sufficient  bedsteads,  beds,  bedclothes,  and  utensils, 
for  the  use  of  the  maximum  number  of  lodgers  to  be 
received  therein. 

[g)  Facilities  for  washing. — A  sufficient  supply  of 
suitable  basins,  water,  and  towels  must  be  provided 
for  the  use  of  lodgers  ;  and  must  be  kept  clean  and 
renewed  as  required. 

(A)  Precautions  in  respect  of  infectious  diseases. — 
If  the  keeper  finds  that  any  lodger  is  suffering  from 
an  infectious  disease,  he  must  at  once  take  all  neces- 
sary precautions.  No  person,  except  a  relative  or 
attendant,  must  occupy  the  same  room  as  the  sick 
person.  If  the  patient  is  removed  to  hospital  by 
the  S.A.  the  keeper  must  afford  all  facilities  for 
removal  and  must  adopt  all  precautions  directed  by 
the  M.O.H. 

He  must,  if  required  by  the  M.O.H.  to  do  so, 

temporarily  cease  to  receive  lodgers  into  any  infected 
room.  At  the  end  of  the  case  by  removal,  recovery, 
or  death,  the  keeper  must  at  once  give  notice  to  the 
M.O.H.  and  must  cleanse  and  disinfect  every  part  of 
the  infected  rooms  and  their  contents,  and  in  doing  so 
must  comply  with  all  instructions  of  the  M.O.H. 
When  the  cleansing  and  disinfection  are  completed, 
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he  must  give  notice  thereof  to  the  M.O.H.,  and  must 
not  receive  any  lodger  into  the  rooms  in  question 
until  two  days  after  such  notice  has  been  given. 

(i)  A  copy  of  the  bye-lavjs  in  force  with  respect  to 
Common  Lodging-Houses,  supplied  by  the  S.A., 
must  be  exhibited  in  some  conspicuous  place  in  the 
house,  and  must  not  be  concealed,  altered,  obliterated 
or  injured. 

As  some  of  the  most  important  regulations  regarding 
common  lodging-houses  are  contained  in  the  Public  Health 
Act,  and  are  therefore  omitted  in  the  bye-]aws,  it  is  desirable 
that  a  statement  of  the  provisions  of  sections  75  to  89  of  the 
Public  Health  Act  should  accompany  the  copy  of  bye-laws 
supplied  to  each  common  lodging-house. 

As  regards  the  question  of  the  suitability  of  any 
particular  premises  or  particular  rooms  for  registration, 
a  memorandum,  issued  by  the  L.G.B.,  points  out  that 
a  common  lodging-house  should,  in  the  first  place, 
possess  the  conditions  of  wholesomeness  needed  for 
houses  in  general,  and  secondly,  that  it  should  have 
arrangements  fitting  it  for  the  special  purpose  of  re- 
ceiving a  given  number  of  lodgers.  Inside  walls  should 
not  be  papered.  Every  registered  room  should  have 
special  means  of  ventilation  (by  chimney  if  possible), 
and  a  window  opening  freely  and  directly  upon  the 
outer  air.  Thei-e  should  be  kitchen  and  day-room 
accommodation  apart  from  the  bedrooms.  Rooms 
partially  underground  should  not  be  registered  as  sleep- 
ing rooms.  Thei-e  should  be  a  supply  of  pure  Avater 
allowing  at  least  ten  gallons  per  bead  per  day  for  the 
maximum  number  of  inmates,  and  one  closet  for  every 
twenty  registered  lodgers.  Wherever  practicable, 
there  should  be  a  separate  place  for  washing,  not  iji 
the  bedrooms,  with  fixed  basins  and  trapped  and  dis- 
connected waste-pipes. 

4.  New  streets  and  buildings,    (a)  Streets. — No 
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new  street  must  be  less  than  36  feet  wide,  if  it  ex- 
ceeds 100  feet  in  length  or  is  intended  to  be  a 
carriage  road :  nor  less  than  24  feet  in  any  case. 
One  end  at  least  must  be  quite  open. 

(6)  Sites. — No  buildings  must  be  erected  upon 
soil  polluted  with  animal  or  vegetable  matter.  Sites 
in  low  and  damp  situations,  near  rivers  or  in  exca- 
vations, must  be  elevated  artificially.  The  site  of  a 
new  house  must  be  entirely  asphalted  or  covered  with 
6  inches  of  concrete. 

(c)  Walls  of  all  new  buildings  must  be  constructed 
of  good  bricks,  stone,  or  other  hard  and  incombustible 
materials,  properly  bonded  and  solidly  put  together 
with  good  mortar  compounded  of  good  lime  and  clean 
sharp  sand  or  other  suitable  material,  or  with  good 
cement,  or  with  good  cement  mixed  with  clean  sharp 
sand.  Every  wall  must  have  a  proper  damp  course 
of  durable  and  impervious  material  beneath  the  level 
of  the  lowest  timbers  and  at  least  6  inches  above  the 
ground.  If  the  ground  is  to  be  in  contact  with  a  wall 
above  the  level  of  the  floor  of  the  lowest  story,  that 
wall  must  be  made  double,  with  a  cavity  2^  inches 
wide  extending  from  the  base  of  the  wall  to  6  inches 
above  the  surface  of  the  adjoining  ground  ;  and  damp 
courses  must  be  inserted  both  at  the  base  of  the 
wall  and  at  the  level  of  the  top  of  the  cavity.  Walls 
of  new  houses  must  be  at  least  9  inches  thick,  increas- 
ing according  to  a  prescribed  scale  when  the  height 
is  greater  than  25  feet,  or  the  length  greater  than 
30  feet.  Party-walls  must  be  carried  up  at  least  15 
inches  above  the  roof,  the  distance  to  be  measured  at 
right  angles  to  the  slope  of  the  roof.  The  L.G.B. 
now  permit  certain  modifications  in  the  bye-laws  for 
buildings  in  rural  districts.  {Circular,  5th  Jan.  1906.) 

{d)  Roofs  must  be  made  of  incombustible  materials, 
and  provided  with  gutters  leading  to  rain-pipes. 

(e)  Open  space. — A  new  house  must  have  along 
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its  whole  frontage  an  open  space  measuring  at  least 

24  feet  to  the  boundary  of  any  land  or  premises 
immediately  opposite  or  to  the  opposite  side  of  the 
street.  In  the  rear  there  must  be  an  open  space 
exclusively  belonging  to  the  house,  at  least  150 
square  feet  in  area,  and  free  from  any  ei'ection  above 
the  ground  level  except  a  closet  and  an  ashpit ;  the 
open  space  miist  extend  along  the  entire  width  of  the 
house,  and  must  measure  in  no  case  less  than  10  feet 
from  every  part  of  the  back  wall  of  the  house  ;  if  the 
house  is  15  feet  high,  the  distance  must  be  15  feet ; 
if  25  feet,  then  20  feet,  and  if  35  feet  or  more,  then 

25  feet  at  least. 

(/)  Ventilation  heneatlb  floors. — If  the  floor  of  the 
lowest  story  is  boarded,  thei-e  must  be  a  clear  space  of 
at  least  3  inches  between  the  boards  and  the  impervious 
covering  of  the  site,  and  the  space  must  be  ventilated. 

{g)  Windows  opening  directly  into  the  external 
air  must  be  provided  in  every  habitable  room.  The 
window  area  must  be  at  least  one-tenth  of  the  floor 
area ;  at  least  half  of  each  window  must  be  made  to 
open,  and  it  must  open  at  the  top. 

(h)  Ventilation.  —  Every  habitable  room  must 
either  have  a  fireplace  and  chimney,  or  a  special 
ventilating  aperture  or  air-shaft  with  an  unobstructed 
sectional  area  of  at  least  100  square  inches.  Every 
new  building  must  be  provided  with  adequate  means 
of  ventilation.* 

(i)  Drainage. — Damp  sites  must  be  drained  by 
earthenware  field  pipes  properly  laid  to  a  suitable 
outfall,  but  not  directly  communicating  with  any 
sewer  or  cesspool  or  drain  containing  sewage.  Rain- 
pipes  must  be  provided  to  carry  away  all  water  falling 
on  the  roof  Avithout  causing  dampness  of  the  walls  or 

*  The  semi-official  Model  Bye-Uws  under  the  Public  Health  Acts 
Amendment  Act  prescribe  <a  minimum  height  of  9  feet  m  every  part, 
except  in  attics  used  as  bedrooms,  when  a  minimum  heig-ht  o(  o  leet  is 
permitted,  if  in  two-thirds  of  the  ai-ea  the  height  is  not  less  than  0  feet. 
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foundations.  The  level  of  the  lowest  story  must  be 
such  as  to  allow  of  the  construction  of  a  drain  sufficient 
for  the  drainage  of  the  building  communicating  with 
a  sewer  at  a  point  above  the  centre  of  the  sewer.  All 
drains  for  sewage  must  be  made  of  impervious  pipes 
4  inches  or  more  in  internal  diameter,  laid  with  a 
proper  fall  in  a  bed  of  conci'ete,  and  with  watertight 
joints.  Every  drain  inlet  not  intended  for  ventilation 
must  be  trapped.  No  drain  conveying  sewage  must 
pass  under  a  building  unless  no  other  mode  of  con- 
struction is  practicable  ;  in  that  case  it  must  be  laid  in 
a  direct  line  for  the  whole  distance  beneath  the  house, 
and  must  be  embedded  in  and  covered  with  concrete 
6  inches  thick  all  round,  and  must  be  laid  at  a  depth 
below  the  surface  at  least  equal  to  its  diameter,  and, 
lastly,  must  be  ventilated  at  each  end  of  the  portion 
beneath  the  building.  The  main  drain  must  be 
trapped  at  a  point  within  the  cui^tilage,  but  as 
distant  as  practicable  from  the  building.  Branch 
drains  must  join  other  drains  obliquely  in  the  direc- 
tion of  flow. 

(j)  Ventilation  of  drains. — There  must  be  at  least 
two  untrapped  ventilating  openings  into  the  drains, 
according  to  one  of  the  following  alternative  arrange- 
ments :  (1)  One  opening  consists  of  a  shaft  or  dis- 
connecting chamber  opening  at  or  near  the  ground 
level,  and  situated  as  close  as  possible  to  the  trap 
specified  above,  but  on  the  house  side  of  it ;  the  other 
opening  is  a  pipe  or  shaft  carried  from  a  point  as  far 
distant  as  possible  from  the  said  trap  (i.e.  as  near  as 
possible  to  the  head  of  the  drain)  vertically  upwards 
in  such  manner  and  to  such  height  (in  no  case  less 
than  10  feet)  as  to  prevent  any  escape  of  foul  air  into 
any  building  ;  but  (2)  if  more  convenient,  the  relative 
positions  of  these  openings  may  be  reversed,  the  shaft 
being  placed  near  the  trap,  and  the  opening  at  the 
ground  level  at  the  head  of  the  drain.    The  ground- 
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level  opening  must  have  a  grating,  with  apertures 
equal  in  total  area  to  the  sectional  area  of  the  drain. 
The  pipe  or  shaft  at  the  other  end  of  the  drain 
(whether  used  as  a  soil  pipe  or  not)  is  required  to 
have  a  sectional  area  equal  to  that  of  the  drain,  and  in 
no  case  less  tlian  4  inches  ;  and  bends  and  angles  are 
to  be  avoided  as  far  as  practicable. 

(k)  Disconnexion  of  drains  from  house.  —  No 
drain  inlet  is  permitted  within  a  building  except  the 
inlet  necessary  for  a  water-closet.  Every  soil  pipe 
must  be  at  least  4  inches  in  diameter,  must  be  placed 
outside  the  building,  and  must  be  continued  upwards 
in  full  diameter  without  bends  or  angles  (except  where 
unavoidable),  to  such  a  height  and  such  a  point  as  to 
afford  a  safe  outlet  for  sewer  air.  There  must  be  no 
trap  between  the  soil  pipe  and  the  drain  to  which  it 
leads,  nor  in  any  part  of  the  soil  pipe  except  such  as 
may  be  necessary  in  the  construction  of  the  water- 
closet.  The  waste  pipe  from  a  slop  sink  must  conform 
to  the  same  requirements  as  a  soil  pipe.  The  waste 
pipes  from  any  other  sink,  bath  or  lavatory,  the 
overflow  pipe  from  any  cistern  and  from  any  "  safe  " 
under  a  bath  or  water-closet,  and  every  pipe  for  con- 
veying waste  watei^,  must  be  taken  through  an  external 
wall  and  must  discharge  in  the  open  air  over  a  chan- 
nel leading  to  a  trapped  gully  grating  at  least  18 
inches  distant. 

{I)  Water-closets  must  have  a  window  opening 
directly  into  the  external  air,  and  measuring  2  feet  by 
1  foot  clear  of  the  frame  ;  and,  in  addition  to  the 
window,  adequate  means  of  constant  ventilation  by 
air-bricks,  air-shafts,  etc.  Such  closets,  if  within  the 
building,  must  adjoin  an  external  wall.  The  water 
must  be  supplied  to  a  water-closet  by  means  of  a 
special  cistern.  The  apparatus  must  be  suitable  for 
effectual  flushing  and  cleansing  of  the  basin;  the 
basin  must  be  made  of  non-absorbent  material,  and  of 
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such  shape  and  capacity  as  to  receive  and  contain  a 
sufficient  quantity  of  water,  and  to  allow  all  filth  to 
fall  free  of  the  sides  directly  into  the  water.  "  Con- 
tainers "  and  "  D-traps  "  are  forbidden. 

(m)  Earth-closets  are  subject  to  the  same  con- 
ditions as  water-closets  so  far  as  regards  position, 
lighting,  and  ventilation.  Proper  arrangements  must 
be  made  for  the  supply  of  dry  earth,  and  its  effectual 
and  frequent  application  to  the  excreta ;  also  for  con- 
venience of  scavenging,  and  for  exclusion  of  rainfall 
and  drainage.  The  receptacle  for  excreta,  whether 
fixed  or  movable,  must  be  so  constructed  as  to  prevent 
absorption  or  escape  of  the  contents,  and  to  exclude 
rainfall  and  drainage ;  if  fixed,  its  capacity  must  not 
be  greater  than  may  suffice  for  (3  months)  nor  in 
any  case  greater  than  (40  T)  cubic  feet,  and  it  must 
in  every  part  be  (3 inches  above  the  ground. 
(The  maximum  limit  of  size  may  with  advantage  be 
reduced  to  two  cubic  feet  in  the  case  of  earth-closets 
placed  inside  houses.) 

{n)  Privies  must  not  be  erected  within  6  feet  of  a 
dwelling,  public  building,  or  place  of  business,  nor 
within  ( 50 1)  feet  of  any  water  likely  to  be  used 
for  drinking,  or  domestic  purposes,  or  for  manufac- 
turing drinks,  nor  otherwise  in  such  a  position  as  to 
entail  danger  of  the  pollution  of  such  water.  Privies 
must  be  built  so  as  to  admit  of  convenient  scavenging, 
without  canying  the  contents  through  any  dwelling, 
public  building,  or  place  of  business.  There  must  be 
an  opening  for  ventilation  at  the  top ;  the  floor  must 
be  paved,  and  raised  6  inches  above  the  ground 
in  all  parts,  with  a  fall  of  half  an  inch  per  foot  towards 
the  door.  The  receptacle  may  be  fixed  or  movable. 
If  movable,  as  in  pail-closets,  the  floor  of  the  area 
beneath  the  seat  must  be  flagged  or  asphalted,  and 
raised  3  inches  above  the  ground  level,  and  all  the 
sides  of  the  said  area  must  be  made  of  fla^,  slate,  or 
2s 
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brick,  at  least  9  inches  thick,  and  rendered  in  cement. 
If  the  receptacle  is  fixed,  it  must  be  in  every  part 
3  inches  above  the  ground  level,  and  its  capacity 
must  not  exceed  8  cubic  feet ;  *  means  must  be  pro- 
vided for  the  application  of  ashes  and  dry  refuse  to 
the  excreta,  and  for  the  exclusion  of  rainfall  and 
drainage,  and  for  convenient  access  for  scavenging  ; 
the  materials  and  construction  must  be  such  as  to 
prevent  absorption  or  leakage,  and  there  must  be  no 
connexion  with  any  drain. 

(o)  Ash2)its  must  not  be  constructed  within  6  feet 
of  any  dwelling,  public  building,  or  place  of  business, 
nor  within  (50  1)  feet  of  any  water  likely  to  be  used 
for  drinking  or  domestic  purposes,  etc.,  nor  othei'wise 
in  such  a  position  as  to  entail  danger  of  the  pollution 
of  such  water.  Ashpits  must  be  so  placed  and  con- 
structed as  conveniently  to  allow  of  scavenging  without 
carrying  the  contents  through  any  dwelling,  public 
building,  or  place  of  business.  The  capacity  must 
not  exceed  6  cubic  feet  or  such  less  capacity 
as  may  suffice  for  a  period  not  exceeding  one  week. 
The  walls  must  be  of  iflag,  slate,  or  brick,  at  least 
9  inches  thick,  and  rendered  inside  with  cement; 
the  floor  must  be  flagged  or  asiDhalted,  and  raised  at 
least  3  inches  above  the  ground  level.  The  ashpit 
must  be  roofed  and  ventilated,  and  provided  with 
a  door  so  arranged  as  to  allow  of  convenient  re- 
moval of  the  contents,  and  to  allow  also  of  being 
closed  and  fastened.  The  ashpit  must  not  be  con- 
nected with  any  drain. 

(p)  Cesspools  must  not  be  constructed  within  (50  ?) 
feet  of  any  dwelling,  public  building,  or  place  of 
business,  nor  within  (100  ? )  feet  of  any  water  likely 
to  be  used  for  drinking,  or  domestic  purposes,  or  for 
manufacturing  drinks,  or  otherwise  in  such  a  position 

•  Tliese  dimciisious  arc  based  upon  the  assumption  of  .weekly 
scaveiigiug. 
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as  to  entail  danger  of  pollution  of  such  water.  Cess- 
pools must  be  so  constructed  and  placed  as  con- 
veniently to  admit  of  scavenging  and  cleansing  without 
carrying  the  contents  through  any  dwelling,  public 
building,  or  place  of  bvisiness.  They  must  not  be 
connected  with  any  sewer.  They  must  be  covered 
over  by  an  ai'ch  or  otherwise,  and  adequately  venti- 
lated ;  and  must  be  constructed  of  brick  in  cement, 
rendered  inside  with  cement,  and  with  a  backing  of 
at  least  9  inches  of  clay. 

(g)  Closure  of  'premises  unfit  for  occupation. — The 
S.A.  may  under  certificate  from  the  M.O.H.  or 
Surveyor,  declare  any  building  or  part  of  a  building 

erected  after    unfit  for  habitation,  and  order  it  to 

be  closed  until  rendered  fit  for  habitation.  Oppor- 
tunity must  be  given  to  the  owner  to  show  cause  why 
such  order  should  not  be  made. 

(r)  Plans  and  sections  must  be  submitted,  showing 
in  detail  the  construction  of  all  proposed  new  streets 
or  buildings.  (The  Public  Health  Act,  s.  158,  requires 
that  the  S.A.  shall  signify  their  approval  or  disappro- 
val of  the  plans  within  a  month  after  receiving  them.) 

(s)  Inspection. — Notice  must  be  given  to  the  Sur- 
veyor of  the  dates  upon  which  work  is  to  be  com- 
menced, and  upon  which  any  sewer,  drain,  or  founda- 
tion is  to  be  covered  up  ;  notice  must  also  be  given  of 
the  completion  of  the  work.  Free  access  for  inspection 
must  be  afforded  to  him  at  all  times  during  the  pro- 
gi^ess  of  the  work. 

{t)  Demolition  of  illicit  works. — If  any  work  to 
which  the  bye-laws  apply  is  done  in  contravention  of 
such  bye-laws,  the  S.A.  are  empowered  to  remove, 
alter,  or  pull  down  such  work.* 

*  The  Model  Bye-laws  contain  no  provision  for  the  sewerage  of  new- 
streets,  owing  to  the  wide  variation  in  the  conditions  in  different  lociilities 
"  It  may  be  doubted  whether  any  powers,  wliich  under  such  bye-laws  nmy 
be  lawfully  assumed  by  Sanitary  Authorities,  will,  as  regards  extent  and 
efficacy,  compare  with  the  powers  which  they  derive  from  the  express  nro 
visions  of  the  Public  Health  Act."— L.G.B.  Circular  to  Urban  S  A 
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5.  Slaughter-houses,  (a)  Licences. — Apjjlications 
for  licence  of  existing  premises,  or  erection  of  new 
slaughter-houses,  must  be  made  upon  a  specified  form, 
and  must  include  full  particulars  as  to  the  position, 
form,  area,  cubic  space,  etc.,  of  the  buildings  and 
appendages ;  materials  and  construction  of  walls  and 
floors ;  means  of  water  supply,  drainage,  lighting, 
and  ventilation  ;  means  of  access  for  cattle ;  number, 
position,  and  size  of  stalls  or  lairs,  and  number  of 
animals  to  be  accommodated  therein,  distinguishing 
oxen,  calves,  sheep,  and  swine.  The  boundaries  must 
also  be  shown,  and,  in  the  case  of  old  premises, 
particulars  as  to  the  ownership  and  the  applicant's 
tenure  must  be  given. 

(6)  Registi'ation. — If  the  S.A.  approve  the  applica- 
tion, a  licence  shall  be  issued  to  the  applicant,  and 
must  be  registered  by  him  at  the  office  of  the  S.A. 

(c)  Inspectio7i. —  B'ree  access  to  every  slaughter- 
house for  the  purpose  of  inspection  must  be  afforded 
at  all  reasonable  times  to  the  M.O.H.,  Inspector, 
Surveyor,  and  Committees  appointed  by  the  S.A. 

(d)  Water  must  be  supplied  to  every  animal  kept 
in  a  lair  prior  to  slaughter. 

(e)  Mode  of  daughter. — Cattle  must  be  secured  by 
the  head  so  as  to  be  felled  with  as  little  pain  as  prac- 
ticable. 

(/)  Drainage,  water  sitpply,  and  ventilation  must 
be  kept  in  efiicient  order. 

{g)  Cleanliness. — The  walls  and  floor  must  be  kept 
in  good  order  and  repair,  and  must  be  thoroughly 
cleansed  within  three  hours  after  any  slaughtering ; 
the  walls  and  ceiling  must  be  limewashed  within  the 
first  ten  days  of  Marcli,  June,  September,  and 
December  respectively. 

(A)  Animals  not  to  he  kej^t.—l^o  dog  may  be  kept 
in  a  slaughter-house  :  nor  other  animal,  unless  in- 
tended for  slaughter  upon  the  premises,  and  then  only 
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in  proper  lairs,  and  not  longer  than  may  be  necessary 
for  pi^eparing  it  for  slaughter  by  fasting  or  otherwise. 

{i)  Removal  of  refuse. — -Suitable  vessels  made  of 
non-absorbent  materials,  and  provided  with  close- 
fitting  covers,  must  be  provided  for  the  reception  of 
blood,  manure,  garbage,  and  other  refuse  :  all  such 
matters  must  be  placed  in  these  vessels  immediately 
after  the  slaughtering  ;  the  refuse  must  be  removed 
within  24  hours,  and  the  vessels  forthwith  cleansed. 
All  skins,  fat,  and  offal  must  be  removed  within  24 
hours. 

"  The  Board  have  considered  that  the  statutory  terms  do 

not  warrant   i-egulations  directly  affecting  the  structure 

of  the  premises.    But  in  the  exercise  of  the  discretionary 

power  of  licensing  which  has  been  conferred  upon  the  S.A., 
the  following  rules  as  to  site  and  structure  should  influeuce 
their  decision  upon  each  application  for  a  licence  :  — 

"  1.  The  premises           should  not  be  within  100  feet  of  any 

dwelling-house ;  and  the  site  should  be  such  as  to  admit  of  free 
ventilation  by  direct  communication  with  the  external  air  on 
two  sides  at  least  of  the  slaughter-house. 

"2.  Lairs  for  cattle  in  connexion  with  the  slaughter-house 
should  not  be  within  100  feet  of  a  dwelling-house. 

"  3.  The  slaughter-house  should  not  in  any  part  be  below 
the  surface  of  the  groimd. 

"  4.  The  approach  to  the  slaughter-house  should  not  be  on 
an  incline  of  more  than  one  in  four,  and  should  not  be  through 
any  dwelling-house  or  shop. 

"  5.  No  room  or  loft  should  be  constructed  over  the 
slaughter-house. 

"  6.  The  slaughter-house  should  be  provided  with  an 
adequate  tank  or  other  proper  receptacle  for  water,  so  placed 
that  the  bottom  shall  not  be  less  than  six  feet  above  the  level 
of  the  floor  of  the  slaughter-house. 

"  7.  The  slaughter-house  shall  be  provided  with  means  of 
thorough  ventilation. 

"  8.  The  slaughter-house  should  be  well  paved  with  asphalt 
or  concrete,  and  laid  with  proper  slope  and  channel  towards  a 
gulley,  which  should  be  properly  trapped  and  covered  with  a 
grating,  the  bars  of  which  should  not  be  more  than  thi-ee- 
eighths  of  an  inch  apart.  Provision  for  the  effectual  drainage 
of  the  slaughter-house  should  also  be  made. 
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"  9.  The  surface  of  the  walls  in  the  interior  of  the  slaughter- 
house should  be  covered  with  hard,  smooth,  iinjiervious 
material  to  a  sufficient  height. 

"  10.  No  water-closet,  privj',  or  cesspool  should  be  con- 
structed within  the  slaughter-house.  There  should  be  no 
direct  communication  between  the  slaughter-house  and  any 
stable,  water-closet,  privy,  or  cesspool. 

"  11.  Every  lair  for  cattle  in  connexion  with  the  slaughter- 
house should  be  properly  paved,  drained  and  ventilated. 

"  No  habitable  room  should  be  constructed  over  any  laii-." 
— L.G.B.  Memorandum. 

6.  Houses   let  in   lodgings  (or  "  tenements ") 

(a)  Definitions. — A  "  lodging-liouse "  is  defined  as 
a  house  or  part  of  a  house  let  in  lodgings,  or  occupied 
by  members  of  more  than  one  family.  The  "  land- 
lord "  is  the  person  letting  such  lodging-house,  or 
entitled  to  receive  the  profits  of  such  letting ;  and  a 
"  lodger  "  is  a  pei-son  to  whom  any  room  or  rooms  in 
such  house,  or  part  of  a  house,  have  been  let  for  his 
use  and  occupation,  {h)  Limitation  as  to  class. — 
(1)  On  a  rent  limit,  say  of  3s.  to  8s.  if  unfurnished, 
or  5s.  to  10s.  if  furnished  ;  or  (2)  where  the  landlord 
resides  on  the  premises,  and  the  letting  is  to  not  more 
than  one  lodger,  (c)  Cubic  space. — A  room  used 
exclusively  as  a  sleeping-apartment  shall  not  be  so 
used  at  any  one  time  by  a  greater  number  of  persons 
than  will  admit  of  the  provision  of  300  cubic  feet 
of  air-space  for  each  person  over  ten  years  of  ago, 
and  150  cubic  feet  for  each  person  under  ten 
years.  A  room  aot  exclusively  used  as  a  sleeping- 
room  shall  not  be  used  at  any  one  time  by  a  greater 
number  of  persons  than  will  admit  of  the  provision 
of  400  cubic  feet  of  air-space  for  each  person  over 
ten  years  of  age,  and  200  cubic  feet  for  each  person 
under  ten  years,  {d)  Landlord  to  furnish  returns. — 
The  landlord  shall,  if  required  by  the  S.A.,  furnish 
the  following  particulars:  (1)  Number  of  rooms 
in  the  house;  (2)    number  of  rooms  let  in  lodg- 
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ings  or  occupied  hy  members  of  more  than  one 
family ;  (3)  the  manner  of  use  of  each  room  ;  (4) 
the  number,  age,  and  sex  of  the  occupants  of  each 
room  used  for  sleeping ;  (5)  full  name  of  the  lessee  of 
each  room ;  (6)  the  rent  payable  by  each  lessee,  (e) 
Inspection. — Facilities  for  inspection  shall  be  afforded 
to  the  M.O.H.,  Inspector,  or  Surveyor  at  all  times 
by  the  landlord  and  lodgers.  (/)  Closet  accom- 
modation.— The  landlord  shall  provide  sufficient  closet 
accommodation,  in  the  proportion  of  at  least  one 
closet  for  every  twelve  persons  of  the  maximum 
number  of  lodgers  allowed  by  the  bye-laws,  and  main- 
tain the  closets  and  all  necessary  appurtenances  in 
efficient  order.  All  closets  must  be  kept  clean,  and 
supplied  with  dry  earth  (if  earth-closets)  or  water  (if 
water-closets)  as  required.*  {g)  Ashpits  must  be  main- 
tained in  repair  by  the  landlord,  and  must  be  kept 
clean ;  no  filth  or  wet  refuse  must  be  thrown  into  an 
ashpit  designed  for  dry  refuse  only.  (A)  Cleanliness 
oj  rooms. — The  floors  of  all  rooms  must  be  swept 
daily,  and  washed  every  week.  All  windows,  all 
wood,  stone,  or  metal  fixtures,  and  all  painted  surfaces 
must  be  kept  clean.  All  solid  or  liquid  filth  or  refuse 
must  be  removed  from  every  room  every  day,  and  all 
receptacles  thereof  cleansed.  {%)  Keephig  of  animals. 
—No  animal  must  be  kept  upon  the  premises  in  such 
manner  as  to  render  the  premises  filthy,  (j)  Water 
storage. — All  cisterns  for  storing  water  must  be  kept 
clean,  {k)  Ventilation. — The  landlord  must  maintain 
in  efficient  order  the  means  of  ventilation  of  all  parts 
of  the  house.    (T)  Annual  cleansing  of  jyi'emises. — 

Every  year,  in  the  first  week  of  the  month  of   

the  landlord  must  cleanse  every  pai*t  of  the  premises, 
and  whitewash  the  ceilings  and  walls  throughout  the 


*  If  the  bye-laws  respecting  new  streets  and  buildings  are  not  in  force 
in  the  district,  those  of  them  which  refer  to  the  construction  of  closets 
may  be  introduced  here. 
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house,  except  surfaces  to  which  limewashing  may  be 
unsuitable,  and  these  must  be  cleansed  and,  if  necessary, 
painted,  (m)  Yard  and  02Jen  spaces. — The  yard  and 
all  open  spaces  must  be  kept  clean  and  in  good  order. 
The  yard  must  have  a  hard,  impervious  pavement  laid 
upon  concrete,  and  sloped  to  a  channel  leading  to  a 
trapped  gulley  grating ;  all  these  must  be  kept  in  repair 
by  the  landlord,  {n)  Ventilation  of  sleepioig -rooms. — 
The  window  of  every  sleeping-room  shall  be  kept  open 
for  an  hour  in  the  forenoon  and  an  hour  in  the  after- 
noon, except  in  case  of  stress  of  weather,  or  occupation 
of  the  room  by  a  sick  person,  or  other  sufficient  reason, 
(o)  Infectious  diseases. — The  landlord  must  imme- 
diately give  wiitten  notice  to  the  M.O.H.  if  he  learns 
that  any  person  in  the  house  is  ill  of  an  infectious 
disease.  A  lodger  must  immediately  give  written 
notice  to  the  M.O.H.,  and  verbal  or  written  notice 
to  every  lodger  in  the  house,  if  he  has  reason  to 
believe  that  any  occupant  of  any  room  is  ill  of  an 
infectious  disease.  Where  a  justice's  order  has  been 
obtained  for  the  i-emoval  to  a  hospital  of  a  person 
suffering  from  any  dangerous  infectious  disease,  both 
the  landlord  and  the  lodger  in  whose  tenement  such 
sick  person  is  shall  take  such  steps  as  may  be 
requisite  on  their  respective  parts  for  the  safe  and 
prompt  removal  of  such  person ;  and  shall  adopt 
all  such  precautions  as  may  be  most  suitable,  in 
accordance  with   any  instructions  of  the  M.O.H. 

Where  a  duty  imposed  upon  or  a  prohibition 
applied  to  the  landlord  of  a  lodging-house  is  by  any 
bye-law  expressly  imposed  or  applied  subject  to  the 
provisions  of  these  bye-laws,  proceedings  shall  not  be 
taken  against  him  for  an  ofi'ence  against  the  bye-law 
unless  and  until  the  landlord,  after  service  upon  him 
of  a  notice  in  writing  from  the  Council,  signed  by 
the  M.O.H.,  or  clerk  of  the  authority,  requiring  him 
within  a  reasonable  time  specified  in  tlie  notice  to 
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comply  with  the  bye-law,  has  failed  to  comply  with  the 
bye-law  within  that  time. 

The  landlord  is  made  responsible  for  the  structural 
repair  of  every  part  of  the  premises,  for  the  efficiency 
of  the  closets  and  of  the  means  of  ventilatipn,  for  the 
annual  cleansing,  and  for  the  detailed  cleansing  of  all 
parts  (including  yards,  closets,  staircases,  and  passages) 
which  are  not  let  for  the  sole  use  of  one  tenant.  The 
tenant  is  responsible  for  the  cleanliness  and  manage- 
ment of  the  rooms  rented  by  him^  and  of  all  other 
parts  of  the  premises  of  which  he  has  the  sole  use. 

7.  Cemeteries.  [a)  Definitions. — A  "grave" 
is  defined  as  a  burial-place  formed  in  the  ground  by 
excavation,  and  without  any  internal  wall  of  brick- 
work or  stonework,  or  any  other  artificial  lining.  A 
"  vault '"'  is  an  underground  burial-place  of  any  other 
construction,  (b)  Vaults. — Every  vault  shall  be  en- 
closed with  walls  of  brick  or  stone,  solidly  put  together 
with  good  mortar  or  cement,  (c)  Common  graves. — 
Not  more  than  one  body  shall  be  buried  at  any  one 
time  in  a  grave  in  respect  of  which  no  exclusive  right 
of  burial  has  been  granted.  (Exception  is  made  in 
the  case  of  two  or  more  members  of  the  same  family.) 
Such  a  grave  shall  not  be  reopened  for  the  purpose 
of  a  further  burial  within  eight  years  after  the  burial 
of  a  person  aged  less  than  twelve  years,  nor  within 
fourteen  years  after  the  burial  of  a  person  aged  more 
than  twelve  years.  (Exception  is  made  in  the  case  of 
memljers  of  the  same  family.)  (c^)  Minimum  covering 
of  ear  til. — No  part  of  a  coffin  shall  be  buried  at  a  less 
depth  than  three  feet  below  the  ground  adjoining  the 
grave,  if  it  contains  the  body  of  a  person  aged  less 
than  twelve  years ;  nor  at  a  less  depth  than  four  feet 
if  tlie  age  of  the  deceased  was  over  twelve  years.  A 
layer  of  earth,  not  less  than  one  foot  in  thickness, 
shall  be  interposed  between  every  coffin  and  the  coffin 
nearest  to  it.    (e)  Closure  of  vaults. — A  coffin  buried 
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in  a  vault  shall,  within  twenty-four  hours  after  burial, 
be  wholly  and  permanently  embedded  in  and  covered 
with  good  cement  concrete,  not  less  in  any  part  than 
6  inches  in  thickness  ;  or  wholly  and  permanently 
enclosed  in  a  separate  cell,  constructed  of  slate  or 
Hag,  not  less  than  two  inches  thick,  and  jointed  in 
cement,  or  of  brick  in  cement,  and  in  such  manner  as 
to  prevent  as  far  as  practicable  the  escape  of  noxious 
gas. 

8.  Mortuaries  The  only  provisions  of  sanitary- 
importance  suggested  in  this  series  are  the  following  : 
A  body  deposited  in  the  mortuary  shall  be  re- 
moved therefrom  for  interment  within   days 

after  death;  but  if  the  deceased  has  died  of  an  in- 
fectious disease,  the  body  shall  be  removed  for  inter- 
ment within  days  after  death. 

A  L.G.B.  memorandum  makes  the  following 
general  suggestions  in  regard  to  construction  and 
management : — • 

The  buildings  should  be  isolated  and  unobtrusive, 
but  substantial,  structures  of  brick  or  stone.  Every 
chamber  for  the  reception  of  corpses  should  be  on  the 
ground  floor.    In  addition  to  such  chamber  there 
should  be  a  waiting-room,  a  caretaker's  house,  and  a 
shed  or  outhouse.    Every  mortuary  chamber  should 
be  lofty,  and  there  should  be  a  ceiling  or  a  double 
roof,  with  an  intervening  space  of  eight  inches,  for  the 
sake  of  coolness.    The  area  should  be  sufficient  to 
allow  freedom  of  movement  between  the  slabs.  The 
windows  should  be  on  the  north  side,  if  practicable  ; 
if  otherwise,  they  should  have  external  louvre  bhnds. 
Louvres,  or  air  gratings,  under  the  eaves  will  be  the 
best  means  of  ventilation.    The  pavement  must  be 
even  and  close,  and  a  cement  floor  is  preferable. 
The  slabs  should  be  of  slate,  and  21  ft.  to  3  ft.  from 
the  floor.    Water  sliould  be  laid  on  within  the  cham- 
ber.    The  walls  and  ceiliaig  should  be  whitewashed, 
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and  the  outside  of  the  roof  also  whitened.  There  should 
be  at  least  two  chambers,  one  of  which  may  be  re- 
served for  bodies  of  persons  who  have  died  of  infectious 
disease. 

Tliere  should  be  a  resident  caretaker,  and  bodies 
should  be  received  at  any  hour  of  the  day  or  night. 
A  register  should  be  kept. 

9.  Offensive  trades. — The  offensive  trades  in 
regard  to  which  Model  Bye-laws  have  been  issued  by 
the  L.G.B.  are  those  of — 


Blood-boiler. 

Bone-boiler. 

Fellmonger. 

Soap-boiler. 

Tallow-melter 

Tripe-boiler. 


Blood-drier. 

Leather-dresser. 

Tanner. 

Fat-melter  or  Extractor. 
Glue-maker. 
Size-maker. 
Gut-scraper. 


Of  these  the  first  six  only  are  specifically  mentioned 
in  s.  112  of  the  Public  Health  Act,  the  rest 
being  examples  of  "  other  ofiensive  trades."*  The 
same  general  provisions  appear  in  all,  with  numerous 
additions  or  variations  as  required  by  the  conditions 
of  the  particular  trade  in  question. 

The  following  summary  will  show  their  general 
character  : — 

(i.)  Storage  of  offensive  materials. — Materials  not 
required  for  immediate  use  or  treatment  shall  be 

♦  A  blood-boiler  boils  blood  or  treats  it  with  steam  and  prepares  it  for 
manure  manufacture  by  reducing  it  to  powder  in  heated  "driers."  A 
bone-boiler  extracts  fat  and  gelatin  from  bones  by  boiling  under  pressure. 
Tlie  fellmonger  prepares  dry  or  fresh  skins  for  leather-dressing.  Fresh 
skins  are  beaten  with  a  mallet,  then  soaked  in  water  and  milk  of  lime, 
after  which  the  hair  or  wool  is  plucked  off.  Fat,  tallow,  oil,  etc.,  together 
with  alkali  solutions  (K  or  Na)  termed  "  lyes,"  are  boiled  by  the  soap- 
boiler preparatory  to  soap  manufacture.  TalUm-melting  is  a  similar 
process  of  treating  rendered  fat  without  alkalies.  The  liquid  is  run  off 
into  barrels.  A  tripe-boiler  cleans  and  boils  the  stomach  of  the  ox  or 
sheep,  and  prepares  it  for  human  food.  Other  offensive  trades  include 
such  proce.sses  as  involve  the  collection  or  treatment  of  large  quantities 
of  animal  matter  or  substances  likely  to  become  a  nuisance. 
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so  stored  as  to  prevent  effluvium.  (ii.)  Offensive 
vapours  emitted  during  boiling,  melting,  etc.  The 
best  practicable  means  shall  be  adopted  for  render- 
ing such  vapours  innocuous.  The  va[)Our  shall  either 
(a)  be  discharged  into  the  external  air  in  such 
a  manner  and  at  such  a  height  as  to  admit  of  its 
diflusion  without  noxious  or  injurious  effects,  or  (b) 
shall  be  passed  directly  from  the  pan,  etc.,  through  a 
fire,  or  (c)  into  a  condensing  apparatus,  or  {d)  through 
a  condensing  apparatus  and  then  through  a  fire,  in 
such  manner  as  effeotually  to  consume  the  vapour 
or  deprive  it  of  all  noxious  or  injurious  properties, 
(iii.)  Drainage  must  be  kept  in  eificient  order.  Bone- 
boilers  are  required  to  cool  all  hot  liquid  refuse  before 
passing  it  into  any  di-ain.  (iv.)  Floors  must  be  kept 
in  good  order  so  as  to  prevent  the  absorption  of  lilth. 
In  respect  of  several  trades  it  is  required  that  at  the 
close  of  every  working  day  the  floors  shall  be  swept 
(e.g.  tanner's,  leather-dresser's)  or  washed  (blood- 
drier's,  etc.)  or  scraped,  or  otherwise  cleansed.  All 
refuse  collected  by  sweeping  or  scraping  shall  be 
forthwith  removed  from  the  premises  in  covered 
receptacles,  unless  intended  to  be  forthwith  subjected 
to  further  trade  processes  on  the  premises,  (v.)  Walls 
shall  be  kept  in  good  order  so  as  to  prevent  the 
absorption  of  filth,  and,  if  necessary,  be  scraped. 
Limewashing  of  walls  and  ceiling  twice  yearly  is 
required  in  regard  to  certain  trades — fellmonger's, 
for  example.  (vi.)  Ajjparatus,  including  all  im- 
plements and  vessels,  to  be  kept  clean  ;  daily 
cleansing  is  required  in  some  cases,  (vii.)  Waste  lime 
(fellmonger's,  tanner's)  must  be  removed  at  once, 
and  under  close  cover,  (viii.)  Taiiks  used  by  fell- 
mongers  for  washing  or  soaking  skins  shall  be  emptied 
and  cleansed  as  often  as  necessary  to  prevent  eflluvia. 
(ix.)  Free  access  for  the  purpose  of  inspection  shall  at 
all   reasonable  times  be  afforded  to   the  M.O.H., 
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Inspector  of  Nuisances,  Surveyor,  or  any  committee 
specially  appointed  by  the  S.A.  on  that  behalf. 

10.  Hop-pickers,  (a)  A23plicatio7i. — These  bye-laws 
apply  to  all  tents,  sheds,  barns,  or  other  places 
occupied  as  temporary  d^vellings  by  hop-pickers,  but 
not  to  places  inhabited  throughout  the  year,  (b) 
Habitable  condition. — Such  temporary  habitations  are 
required  to  be  clean,  dry,  weatherproof,  and  to  be 
ventilated  and  lighted,  (c)  Closet  accommodation. — 
There  must  be  adequate  privy  accommodation  for  the 
separate  use  of  each  sex.  {d)  Water. — There  must 
be  a  sufficient  supply  of  good  water  for  drinking, 
cooking,  and  washing,  (e)  Gooldng. — There  must  be 
a  sepai'ate  cooking-place  for  every  fifteen  persons 
authorized  to  be  received.  (/)  Area. — An  average 
floor  space  of  15  square  feet  must  be  allowed  for 
each  occupant,  but  two  children  under  ten  years  of  age 
may  be  counted  as  one  adult,  {g)  Bedding. — Clean 
straw  or  other  suitable  material  must  be  supplied  for 
bedding,  and  renewed  as  required.  The  beds  must 
be  screened  off  in  places  occupied  by  adults  of  differ- 
ent sexes.  (Ii)  Cleansing. — The  premises  and  appoint- 
ments must  be  thoroughly  cleansed  immediately  before 
occupation,  the  internal  surfaces  limewashed,  and  all 
offensive  accumulations  cleared  away.  The  cleansing 
must  be  repeated  as  required  from  time  to  time 
during  the  period  of  occupation. 

(Similar  bye-laws  may  be  made  in  respect  of  the 
accommodation  of  persons  engaged  in  picking  fruit  or 
vegetables.) 

11,  Means  of  escape  from  fire,  in  factories  and 
workshops.^ — Buildings  of  more  than  one  storey 
must,  if  any  part  above  the  ground  floor  is 
used  as  a  factory  or  workshop,  have  adequate  fixed 
stairs  (with  handrails),  lighted,  and  giving  free  access 
from  every  such  part  to  the  ground  floor,  and  where 
practicable  to  an   open   space   outside.      In  new 
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factories  or  workshops,  buildings,  and  buildings 
newly  altered  structurally  for  that  purpose,  the  stairs 
must  be  of  fire-resisting  material,  e.g.  brick,  stone, 
concrete,  iron,  steel,  copper,  hard  timber  (oak,  teak)[ 
or  timber  rendered  uninflammable. 

If  any  floor  over  30  feet  from  the  ground  is 
used  as  a  factory  or  workshop,  and  either  more  than 
ten  persons  are  employed,  or  readily  inflammable 
materials  are  stored,  there  must,  in  addition,  be 
(1)  an  external  fire-resisting  staircase,  or  (2)  an 
efiicient  fire  escape,  or  (3)  ready  access  to  the  roof, 
and  where  practicable  to  the  roof  of  an  adjoining 
building.  The  window  or  door  leading  to  (1),  (2),  or 
(3)  must  be  distinctively  marked. 

Every  room  (of  a  factory  or  workshop)  in  which 
persons  are  habitually  employed  must  have  at  least 
one  window  (distinctively  marked  if  there  be  others) 
opening  easily  at  the  sill  level  to  an  extent  allowing 
easy  escape. 
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Population. — A  census  has  been  taken  decennially 
since  1801,  and  gives  detailed  information  regarding 
each  county,  union,  registration  district  and  sub- 
district,  and  urban  district.  The  chief  data  are  the 
total  number  of  inhabitants  in  each  area,  the  numbers 
living  of  each  sex  and  at  certain  age-periods,  and  the 
numbers  employed  in  certain  callings. 

The  official  estimate  of  population  at  the  middle 
of  any  year  is  made  by  assuming  that  increase  or 
decrease  has  gone  on  since  the  last  census  at  exactly 
the  same  rate  as  between  that  and  the  j^revious 
census.  This  is  of  course  in  geometrical  progression  : 
if  a  population  of  100,000  in  a  given  year  becomes 
101,000  in  the  next  year,  the  estimate  for  the  third 
year  is  102,010,  not  102,000. 

If  p  =  the  population  in  any  given  year,  and  r  = 
the  factor  of  annual  increase  (in  the  above  example 
r  =  TOl),  then  in  one  year  the  population  will  become 
p  X  r,  in  two  years    x  r^,  and  in  n  years  p  x  r". 

The  census  is  taken,  not  at  the  middle  of  the  year,  but 
at  the  end  of  the  first  quarter.  Given  a  census  popula- 
tion of  X  in  1891,  and  y  in  1901,  the  rate  of  decennial 

increase  is  -  ,  that  of  annual  increase  a  / and  that  of 


y  increase  a  /       Hence — 


ana 


^og-  y  —  log-  a;  =  log.  rate  of  decennial  increase, 
,  log.  y  —  log.  n; 

1  —  —log.  rate  of  annual  increase, 


and 
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Thus  the  logarithm  of  the  estimated  raid-year  popula- 
tion for  1901  is,  log.  y  +  ^^^ilp}^    ^nd  for  1908, 

10  X  4 

J  ,   log-  y  -  log.  X         log,  y  -  log.  X 

^  10  X  4  10 

The  following  calculation  of  the  mid-year  1905 
population  from  census  data  of  1891  and  1901  may 
serve  as  an  examj)le  : — 

[a)  The  census  poi3ulation  of  1901  was  100,970;  )  .  nnjiood 

log.  100,970  =  j 

{b)  The  census  population  of  1891  was  87,842;  "i  o/iq^aoo 

log.  87,842  =  ]  4"»4<^'"^^ 

(c)  By  subtraction,  the  logarithm  of  decennial  \  „ 
'      •  it,     J?  i  0-0604902 

increase  was,  thereiore      .       .       .       .  ) 

id)  Dividing  hy  10,  the  log.  of  annual  increase  ■>  n.nnrniQO 
is  obtained  =  j 

(e)  Again  dividing  by  4,  the  log.  of  j  0-0015122 

increase  is  obtained    .       .       .       .     =r  j 

(/)  Adding  together  log.  1901  census  population  '\ 

(a),  and  log.  quarterlj'  increase  (c),  and  f  5. 0299017 
four  times  log.  annual  increase  (d),  we  get  I 
the  log  of  1905  mid-year  poj)ulation  .     =  ) 

And  on  referring  to  the  tables,  the  number  corre- 
sponding to  this  logarithm  is  found  to  be  107,128. 

There  are  obvious  limitations  to  the  value  of  such  an 
estimate.  The  rate  of  increase  is  not  the  same  in  the  centre  of 
a  town  as  in  the  growing  suburbs.  New  houses  are  springing 
up  and  becoming  inhabited  in  the  latter,  apart  from  the 
"natural  increase"  by  excess  of  births  OA-er  deaths;  while  in 
the  former  there  may  even  be  an  actual  decrease  of  population, 
owing  to  the  displacement  of  dwellings  by  business  premises. 

If  the  estimate  is  very  wide  of  the  mark,  some  indication  of 
this  may  be  given  by  an  apparently  excessively  high  or  low 
birth-rate  and  death-rate  ;  by  the  number  of  inhabited  houses,*' 
as  ascertained  from  the  rate-books  or  other  sources ;  by  returns 

*  The  average  number  of  persons  per  inliabited  house  is  fairly  constant 
for  e?ch  locality,  though  varying  considerably  in  different  towns,  accord- 
ing to  tho  proportion  of  "  tenement  houses,"  and  houses  occupied  by  one 
family. 
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of  those  who  by  migration  have  evaded  vaccination  ;  by  returns 
of  school  attendance  ;  or  by  inference  from  the  condition  of  the 
local  industries.  In  villages,  where  the  local  conditions  are 
well  Icnown,  a  better  estimate  c:m  sometimes  be  made  from 
such  data  than  from  calculations  based  upon  a  remote  census. 

The  actual  increase  is  dependent  upon  the  balance  between 
births  and  immigration  on  the  one  hand,  and  deaths  and 
emigration  on  the  other.  The  excess  of  births  over  deaths  is 
termed  the  "  natural  increase."  As  regards  towns,  the  actual 
is,  upon  the  average,  greater  than  the  natural  increase,  since 
there  is  a  tendency  to  migration  from  rural  to  urban  districts. 
In  times  of  depression  of  local  trade  there  is  emigration  to 
other  districts ;  whereas,  when  trade  is  flourishing,  labour  is 
attracted  from  rural  districts  and  from  other  towns. 

The  age-distribution  of  a  population  is  ascertained 
by  each  census,  and  may  be  assumed  to  remain  con- 
stant until  the  next  census  ;  that  is,  the  rate  of  increase 
is  assumed  to  be  uniform  at  all  ages.  There  are, 
however,  very  material  differences  among  towns,  and 
between  town  and  country,  in  this  respect,  and  as  the 
tendency  to  death  is  much  greater  among  the  very 
young  and  very  old,  it  becomes  important  to  allow  for 
these  variations  in  drawing  inferences  from  death-rates 
as  to  the  health  conditions  of  a  community.  Owing 
to  the  immigration  of  young  adults  from  rural  districts, 
town  populations  almost  always  contain  a  larger  pro- 
portion of  persons  between  15  and  45  than  is  found 
in  the  country  at  large ;  and  hence  a  higher  birth-rate 
and  (under  equal  health  conditions)  a  lower  death-rate 
are  to  be  expected  a  priori. 

liirths  must,  according  to  the  Births  and  Deaths 
Registration  Act  of  1874,  be  registered  within  42 
days. 

More  males  than  females  are  born,  in  the  pro- 
portion of  nearly  104  to  100,  but  this  excess  is 
dimmishmg.  Owing  to  the  higher  death-rate  among 
males,  the  survivors  of  the  two  sexes  are  nearly 
equal  in  number  at  the  end  of  the  first  year  of  life, 
and  thenceforward  the  females  are  in  the  majority! 
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Still-births,  which  Farr  estimated  at  4  per  cent,  of  the 
total  births,  are  not  included  in  the  returns. 

The  birth-rate  is  the  proportion  of  births  in  one 
year  per  1,000  persons  living;  that  is — 
No.  of  births  in  the  year     ^  ^ 
mid-year  population 
For  shorter  periods,  such  as  quarters  or  weeks,  the 
rate  is  calculated  on  the  assumption  that  the  like 
periods  throughout  the  year  would  yield  the  same 

proportion :  so  that  the  birth-rate  during  -th  part 
of  a  year  is — 

No.  of  births  during  the  period  in  question  ^  ^  ^  ^  qqo 

mid-year  population 

For  ordinary  purposes  it  is  sufficient  to  regard  the  year  as 
consisting  of  365  days,  or  52  weeks;  but  if  greater  preciision 
is  required,  the  astronomical  year  may  be  used-namely,  36o-_4r 
days,  or  52-177  weeks. 

The  English  birth-rate,  which  was  3o  4  in  1871-80 
and  36-3  in  1876,  is  declining,  and  was  only  25-G 
in  1909.  It  is  higher  in  towns,  and  in  times  ot 
prosperity;  lower  in  rural  districts,  and  in  times 
of  depression  of  trade. 

A  sounder  ba<is  of  population  for  the  purpose  is  that  of 
women  at  ages  15-45  ;  or,  still  better,  married  women  at  those 
ao-es  (with  exclusion  of  illegitimate  births,  the  proportion  ot 
which  is  variable  and  decreasing,  and  averages  about  4  per 
cent,  of  the  total).  On  this  latter  basis  the  rate. per  1,000  was 
293  in  1870-2,  28G  in  1880-J,  264  in  1890-2,  236  m  1900-2  an. 
209  in  1909.  Even  this  fails  to  take  account  of  material 
differences  in  fertility  at  the  several  ages  within  the  limits 
stated.  . 

Deaths  must  be  registered  within  hve  days. 
Death-rates  are  calculated  in  the  same  way  as 
birth-rates.    The  death-rate  in  England  and  Wales 
declined  from  22-4  in  1851-70  to  18-2  in  1891-1900 
16-0  in  1901-5  ;  and  14  5  in  1909,  when  the  annual 
total  of  deaths  was  518,003.    Local  death-rates  require 
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certain  corrections,  as  below,  in  order  to  render  tliem 
comparable  with  that  of  the  whole  country. 

Correction  for  non-residents — The  deaths  of 
strangers  who  happen  to  die  in  the  district  should  be 
excluded.  Without  this  correction  the  true  rate  may 
be  seriously  overstated  if  the  district  contains  large 
institutions  admitting  non  -  residents.  Similarly, 
deaths  of  residents  dying  outside  the  district  should 
be  included. 

Correction  for  age  and  sex  distribution  is  made  by 
a  "factor"  obtained  as  below,  which  is  greater  than 
unity  in  nearly  all  towns,  and  less  than  unity  in  rural 
districts.     Multiplying  the  local  death-rate  by  the 
factor,  the  corrected  local  death-rate  is  obtained.  The 
comparative  7nortality  Jigure  for  the  district  is — 
corrected  local  deatli-rate 
death-rate  for  the  whole  country  ^  ' 
A  standard  death-rate  for  a  localitj^  is  the  death-rate  for  the 
whole  country,  recalculated  on  the  basis  of  the  local  age  and 
sex  distribution,  and  may  he  found  as  follows.    The  age  and 
sex  distribution  per  million  of  both  local  and  general poimlaliuu 
are  separately  determined  from  census  data  as  in  Ajjpendix  iv. 
The  recorded  deaths  (in  the  whole  country)  are  distributed  in  the' 
same  groups,  and  the  number  of  deaths  "in  each  group  corrected 
in  the  proportion  of  the  local  to  the  general  population  at  those 
ages.    If,  lor  example,  the  males  living  at  a  given  group  of  ages 
are  x  per  inillion  of  the  local  population  and  y  per  million  of  that 
of  the  whole  country,  and  the  male  deaths  (in  the  whole  country) 
at  those  ages  are  m,  the  corrected  number  of  deaths  is  m  x  i^. 
Adding  together  all  the  corrected  numbers  we  have  a  corrected 
total  -a,  differing  from  the  recorded  total  b  (of  deaths  in  the 
whole  country),  and  representing  the  deaths  which  would  have 
occurred  had  the  age  and  sex  distribution  been  the  same 

as  that  of  the  locality.     Hence   ^  ^QOQ  

population  of  whole  country 
13    the    standard     death-rate     for     the     locality.  The 

death-rate  of  whole  country  . 

sUii^ard  local   death-r^  ^^^^^^  somqU,  and  is  equal 

to  -. 

a 
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Urban  death-rates  are  higher  than  rural,  and  the 
correction  for  age  and  sex  distribution  increases 
the  inequality.    The  causes  of  this  are  complex,  and 
include  differences  of  occupation  and  mode  of  life, 
and  the  direct  and  indirect  consequences  of  aggre- 
gation of  population.    Ogle  found  that  in  1871-80 
the  death-rates  of  districts  increased  with  the  density 
of  population,  if  exceeding  400  per  square  mile,  but 
below  that  point  the  influence  was  not  apparent.  (The 
average  density  for  England  and  Wales  exceeds  500 
per  square  mile,  or  0-8  per  acre.)    Farr  concluded 
that,  other  things  being  equal,  urban  death-rates  vary 
as  the  twelfth  root  of  the  density ;  but  this  rule  is  of 
limited  practical  application,  since  many  variable 
conditions  are  involved,  and  notably  the  degree  of 
crowdino-  of  rooms.    Newsholme  showed  that  in  1889 
the  deatii-rate  among  the  20,000  inhabitants  of  Pea- 
body  Buildings  (density,  750  per  acre),  was  lower  than 
that  of  London  generally  (average  density,  49  per  acre). 

The  death-rate  is  diminishing  in  both  urban  and 
rural  districts,  but  more  rapidly  in  the  former  than 
in  the  latter. 

The  death-rate  among  males  is  higher  than  among 
females,  subject,  however,  to  exceptions  at  certain 
acre-neriods,  notably  10-20,  as  Appendix  ii.  shows 
iS  the  decennium  1891-1900,  the  former  was  19-3 
and  the  latter  17-1;  in  1901-5  the  corresponding 
ficrures  were  17-1  and  15-0,  and  in  1909  15-4 
and  13-7.  Both  are  decreasmg,  but  the  savmg 
of  life  is  chiefly  effected  in  the  earlier  age-periods, 
and  is  inconspicuous  at  ages  over  40,  owing, 
perhaps,  partly  to  the  increasing  wear  and  tear  ot 
modern  life,  and  partly  to  the  more  frequent  survival 
of  weakly  persons  at  middle  life  who  under  former 
conditions  would  have  died  in  youth.  _  , 

In  both  sexes  the  tendency  to  death  is  high  m 
infancy,  reaches  its  minimum  in  the  10  to  15  year 
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age-period,  and  afterwards  increases  steadily  through- 
out life. 

Infant  mortality  is  calculated  upon  the  birth- 
returns,  which  are  precise  and  free  from  many  of  the 
errors  attendant  upon  estimates.    The  formula  is  : — 

deaths  of  children  under  1  year    ,  „  „  „ 

 :  iL        X  1000. 

registered  births 

InHnence  of  tic  birth-rate  upon  the  death-rate. — Other  things 
heing  equal,  a  high  birth-rate  in  a  given  year  would  theoreticallj'- 
increase  the  denth-rate,  since  the  moitiilitj'  among  the  newly 
born  is  much  greater  than  that  of  the  population  generally 
But  a  high  birth-rate  implies  {a)  a  large  proportion  of  persons 
at  the  reproductive  ages,  and  in  a  few  years  (5)  a  new  popu- 
lation of  children  and  young  adults,  since  under  the  most 
adverse  conditicns  a  large  majority  of  the  infants  survive. 
The  mortality  among  loth  chisses  («  and  is  low,  and  more 
than  balances  the  higher  mortality  in  the  first  year  or  two  of 
life.  (Farr.) 

Cause  of  death — The  death-returns  obtained  from 
the  registrars  are  copied  from  the  certificates  signed 
by  medical  practitioners  or  coroners.  Very  com- 
monly two  or  more  causes  are  assigned — one  being 
regarded  as  "  primary  "  and  the  other  as  "  secondary." 
As  only  one  cause  in  each  case  can  be  accepted  for 
statistical  purposes,  i^reference  should  be  given  to 
(1)  infective  or  specific  diseases,  and  (2)  primary  as 
compared  with  secondary  causes. 

Progressive  changes  are  noticeable,  in  regard  to  the  death- 
rate  from  certain  well-defined  diseases,  in  the  direction  of 
increase  or  decrease.  It  may  extend  to  all  ages,  or  be  more 
or  less  limited  to  certain  periods  of  life.  The  change  does 
not  necessarily  affect  both  sexes  alike,  phthisis,  for  example 
having  decreased  much  more  rapidly  among  females  than 
among  males. 

Decrease  is  manifest  in  the  mortality  from  f  mall-pox,  scarlet 
fever,  diarrhcca,  typhus,  enteric  fever,  phthisis,  convulsions^ 
croup,  diseases  of  the  digestive  system,  and  diseases  of 
parturition;  also  from  "ill-defined  causes."  As  regards 
the  first  five,  the  reduction  is  real,  and  attributable  in 
great  part  to  improved  measures  of  precaution  and  eanita- 


710 


VITAL  STATISTICS 


[chap. 


tion.  Phthi  sis  has  been  greatly  lessened,  but  there  has 
probably  been  some  transfer  of  cases  by  improved  diagnosi.-s 
from  phthisis  to  other  respiratory  diseases.  Better  diagnosis 
and  better  certific.ition  are  responsible  tor  the  gradual  dis- 
appearance of  "croup,"  "convulsions,"  and  "simple  continued 
fever,"  and  also,  of  coui-se,  for  the  lessened  total  of  "ill- 
defined  diseases." 

On  the  other  hand,  there  is  a  distinct  increase  in  the 
mortality  attributed  to  cancer,  diabetes,  and  diseases  of  the 
nervous  and  urinary  systems. 

The  cancer  death-rate  in  1861-70  was  387  per  million,  in 
1871-80  473,  in  1881-90  589,  in  1891-1900  758,  in  1909  9U2  ; 
and  fairly  well  defined  areas  yielded  exceptionally  high  rates. 
Age-distribution  of  population  is  important  in  this  connexion, 
since  the  mortality  is  chiefly  at  ages  over  35.  The  increase  is 
partly  due  to  improved  diagnosis,  and  to  inclusion  of  foi-ms  of 
malignant  disease  not  previouslj^  grouped  with  cancer.  Recent 
researches  in  this  country,  while  showing  a  wider  range 
among  lower  animals  than  had  been  suspected  [Bashford),  have 
not  confirmed  the  suggestion  that  cancer  is  an  infective 
disease  due  to  micro-organisms.  Instances  are  met  with  of 
repeated  occurrence  of  the  disease  in  "  cancer  houses,"  but 
little  is  known  of  dependence  upon  dietetic  or  other  causes,  and 
no  special  preventive  measures  are  in  force. 

Zymotic  death-rate  is  a  term  formerly  applied  to  the 
aggregate  death-rate  from  the  "seven  principal  zymotic 
diseases "  —  small-pox,  measles,  scarlet  fever,  diphtheria, 
whooping-cough,  "fever"  (typhus,  simple  continued,  and 
enteric),  und  diarrhoea.  It  is  liai)le  to  great  fluctuation, 
according  to  the  epidemic  prevalence  of  one  or  other  of  the 
diseases  included. 

Deaths  due  to  protracted  sequelae  of  acute  specific  diseases 
are  usually  credited  to  the  secondary  and  not  to  the  true 
primary  cause.  It  will  be  found  that  the  mortality  from 
bronchitis  and  pneumonia  is  increased  by  outbreaks  of 
influenza,  whooping-cough  and  measles,  and  scarlet  fever 
prevalence  is  followed  by  deaths  referred  merely  to  kidney 
diseases. 

Sex  has  an  important  bearing  upon  tlie  mortality 
from  certain  diseases,  owing  partly  to  differences  in 
constitutional  predisposition,  and  partly  to  exposure  to 
the  conditions  favourable  or  unfavourable  to  the  de- 
velopment of  the  diseases  in  question.  Tlie  male; 
mortality  exceeds  the  female  in  most  well-defined 
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diseases  or  groups  of  diseases,  but  there  are  im- 
portant exceptions,  such  as  diphtheria,  whooping- 
cough,  erysipelas,  rheumatism,  cancer,  and  anaemia 
(including  chlorosis  and  pernicious  anaemia). 

Age  materially  affects  the  average  liability  to 
certain  diseases,  by  reason  of  physiological  changes, 
acquired  protection,  and  degree  of  exposure.  Vac- 
cination completely  alters  the  age-curve  in  small- 
pox. In  all  protective  diseases  the  accumulation  of 
protected  survivors  must  be  allowed  for  before  any 
lessened  average  susceptibility  at  higher  ages  can  be 
inferred.  The  maximum  mortality  from  small-pox, 
whooping-cough,  erysipelas,  and  diarrhoea  occurs  in  the 
1st  year  of  life,  from  measles  in  the  2nd,  from  scarlet 
fever  in  the  3rd,  and  from  diphtheria  in  the  4th.  A 
second  maximum  follows  in  small-pox  about  the  25th 
year ;  and  from  about  the  same  point  diarrhoea  mor- 
tality again  rises  until  the  end  of  life.  Phthisis  is  at 
its  minimum  from  the  5th  to  the  10th  year,  increases 
up  to  the  45th,  and  afterwards  diminishes.  Cancer 
mortality  is  small  in  the  earlier  years,  but  in- 
creases rapidly  from  about  the  25th  year  to  the  end  of 
life.  The  single  curve,  with  a  minimum  from  the  1 0th  to 
the  15th  year,  which  is  characteristic  of  the  total  death- 
rate,  is  common  also  to  the  mortality  from  nervous, 
respiratory,  digestive,  and  urinary  diseases,  and 
violence  ;  diseases  of  the  circulatory  system  increase 
steadily  in  mortality  from  birth  to  the  end  of  life.  The 
varying  influence  of  age  is  seen  even  in  infancy. 

The  true  influence  of  sex  and  age  cannot  be  ascertained  by 
returns  of  mortality  alone.  The  mere  number  of  deaths  at  each 
age-period  conveys  little  information,  since  the  numbers  living 
diminish  as  age  advances.  Even  death-rates  for  each  group 
tell  only  of  the  liability  to  death,  but  nothing  as  to  the  incidence 
of  siclmess  or  the  chance  of  recovery.  As  regards  notifiable 
diseases,  however,  statistics  of  attacks  as  well  as  deaths  are 
availalde.  The  variations  in  incidence  and  in  severity,  accord- 
ing to  age  and  sex,  are  not  always  parallel,  and  indeed  are 
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often  inverse,  as  in  scarlet  fever  and  enteric  fever.  From 
the  number  of  persons  living,  of  each  sex  and  at  each  aqo- 
period,  it  is  possible  to  calculate,  for  each  sub-group,  (1)  the 
incidence  of  disease,  that  is,  the  attack-rate  or  proportion  of 
attacks  to  population,  and  (2)  the  ease-mortality,  or  proportion 
of  deaths  to  attacks.  Evidence  as  to  incidence  of  disease  at 
different  ages  can  be  obtained  from  notification  returns,  but 
hospital  statistics  are  misleading,  since  age  materially  affects 
the  chances  of  removal  to  hospital.  As  regards  case-mortality, 
however,  both  hospital  and  notification  data  may  be  admitted. 

§ta1istical  evidence  of  tlie  liealtli  o(  coiii- 
in unities. — The  usual  criteria  are  either  actual 
death-rates  (general,  "  zymotic,"  or  infant  mortality)  or 
figures  representing  the  avei'age  longevity — namely, 
"expectation  of  life,"  "probable  duration  of  life," 
"  mean  age  at  death." 

The  corrected  death-rate  affords  a  simple  and,  in 
the  main,  accurate  measure  of  the  comparative 
prevalence  of  disease.  It  is  untrustworthy  if  the 
figures  are  so  small  as  to  be  exposed  to  violent  fluc- 
tuations ;  thus,  the  "  weekly  death-rate "  is  only 
useful  in  large  communities.  Other  sources  of  error 
are  (i)  uncertainty  as  to  population,  and  (ii)  severe 
epidemics,  which  may  have  no  definite  relation  to 
impaired  public  health  in  general. 

A  high  death-rate  from  enteric  fever,  diphtheria, 
or  diarrhoea  may  in  general  fairly  be  taken  to  imply 
a  defective  sanitary  state ;  but  may  also  be  due  to 
temporary  and  accidental  causes,  such  as  climatic 
conditions  or  accidental  contamination  of  milk  or 
water.  Little  is  known  of  the  determining  causes  of 
epidemics  of  small-pox,  measles,  whooping-cough,  and 
scarlet  fever  ;  but  their  predisposing  causes  are  all 
widely  different,  and  are  for  the  most  part  not 
affected  by  "  sanitary  conditions."  The  death-rate  due 
to  such  a  heterogeneous  group  as  that  of  the  "  principal 
zymotic  diseases"  connotes  nothing  as  to  the  health 
condition  of  the  community  in  other  respects. 
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Infant  mortality  is  the  most  sensitive  index  of 
the  health  of  a  community,  partly  because  of  the 
frailty  of  infant  life,  partly  because  a  variety  of 
factors  are  involved,  and  j)artly  becmse  many  of 
these  factors  are  social  and  personal  as  well  as 
environmental.  A  high  infant  mortality  implies 
an  increased  death  rate  up  to  5  years  of  age,  and 
a  high  prevalence  of  the  conditions  which  determine 
national  physical  inferiority.  It  is  about  one  third 
higher  in  urban  districts  than  in  rural,  higher  among 
illegitimate  children,  and  higher  in  the  first  trimester 
of  life  than  in  any  other  trimesters.  In  1908  the 
infant  mortality  in  typical  urban  and  rural  counties 
was  as  follows  : — ■ 


Death-hate  per 

1,000  BIKTHS 

Eng.  & 

Wales 

Durham 

Glamor- 
gan 

Here- 
ford 

OxFORn 

Under  3  months 

64-4 

77-9 

76-7 

43-4 

44-6 

3  to  6  months 

23-6 

30-9 

34-5 

16-6 

13-1 

6  to  12  months 

32  4 

42-2 

43-1 

15-8 

15-3 

Under  1  year 

120-4 

151-0 

154-3 

75-8 

73-0 

About  one  fifth  of  the  total  deaths  of  infants 
occurs  in  the  first  week  of  life.  The  chief  diseases 
responsible  for  a  high  infant  mortality  are  (a)  prema- 
ture birth  and  congenital  defects  ;  (b)  atrophy,  debility, 
and  marasmus  ;  (c)  convulsions  ;  (d)  diarrhoea!  diseases 
(between  .5  and  10  months  and  due  to  food  causes)  ; 
(e)  measles  and  whooping-cough  ;  and  (/)  broncliitis 
and  pneumonia  (due  chiefly  to  exposure  to  cold  and 
unequable  temperatures).  Among  the  conditions 
contributing  to  infant  mortality  are  poverty  and 
urban  conditions,  the  industrial  employment  of 
women,  domestic  insanitation  (accentuated  in  hot  dry 
summers),  maternal  ignorance  and  mismanagement 
(including  inappropriate  artificial  feeding).  Breast- 
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feeding  is  a  natural  protection  against  infant 
mortality.  The  means  of  prevention  obviously  in- 
clude good  health  of  the  mother,  skilful  aid  at  birth, 
maternal  care,  breast-feeding,  cleanliness  in  all  respects. 
Towards  these  ends  the  early  notification  of  birtlis, 
effective  midwifery,  domestic  and  municipal  sanita- 
tion, and  the  education  of  elder  girls  and  mothers  are 
valuable  means.  The  increasing  application  of  these 
means  is  no  doubt  partly  or  wholly  responsible  for 
the  marked  decline  in  infant  mortality  which  has 
occurred  in  recent  years. 


England  and  Wales. 

London. 

Birth 

Death 

Infant 

Birth 

Death 

Infant 

rate 

rate 

mart' 1  it  y 

rnic 

rate 

mort'lity 

1851 

-60 

34-1 

22-2 

154 

33-6 

23-7 

155 

1861- 

-70 

35-2 

22-5 

154 

35-4 

24-4 

162 

1871 

-80 

35-4 

21-4 

149 

35-4 

22-5 

158 

1881- 

-90 

32' 5 

19-1 

142 

33-2 

20-5 

152 

1891- 

-1900 

29-9 

18-2 

154 

30-2 

19-6 

160 

In  1910  the  infant-mortality  I'ate  for  England 
and  Wales  was  106,  against  151  in  1901  ;  and  for 
London  103,  against  148  in  1901. 

A  high  phthisis  death-rate  may  be  due  to  damp- 
ness of  soil,  unhealthy  occupations,  or  overcrowding 
of  dwellings.  The  death-rate  from  respii-atory  diseases 
(other  than  phthisis)  is  also  important. 

The  mean  age  at  death  is  obtained  by  adding  up 
the  ages  and  dividing  by  the  number  of  deaths.  It  is 
controlled  by  the  birth-rate,  and  by  the  age-distribu- 
tion of  the  population.  A  large  proportion  of  infant 
deaths  must  necessarily  reduce  the  average  age  at  death. 

The  probable  duration  of  life  is  the  age  at  which 
exactly  half  of  any  given  number  of  children  born 
will  have  died.  It  can  only  be  ascertained  from  a 
Ufe-table,  and  is  of  no  great  value.     The  probable 
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duration  of  life  for  males  is  about  53,  and  for  females 
58  years. 

The  expectation  of  life,  at  any  age,  is  the  average 
number  of  years  which  a  person  at  that  age  will  live, 
as  shown  by  a  life-table.  The  expectation  of  life  at 
age  0 — i.e.  at  birth — is  also  known  as  the  mean 
duration  of  life."^  At  other  ages  than  the  time  of 
birth  it  is  sometimes  termed  mean  after-lifetime,  and 
the  present  age  plus  the  mean  after-lifetime  is  the  age 
to  which  a  person  may  expect  to  survive. 

The  expectation  of  life  is  the  true  measure  of  the 
vitality  of  a  community.  The  expectation  at  birth  is 
the  most  convenient  for  comparative  purposes,  but  if 
necessary  we  can  eliminate  the  influence  of  infant 
mortality  by  taking  the  expectation  at  a  later  age. 

A  lile-table  shows  how  many,  out  of  a  million 
persons  supposed  to  be  born  simultaneously,  wiil 
survive  at  the  end  of  each  year  or  each  term  of  years. 
The  data  required  are  (1)  a  census  poj^ulation — that 
is,  a  population  of  which  the  distribution  according 
to  ages  and  sexes  is  known ;  (2)  returns  of  deaths 
(grouped  for  each  sex  in  the  same  age-periods  as  have 
been  adopted  for  the  census  population)  for  one  or  more 
years  among  this  same  population.  The  simplest  plan 
is  to  take  only  the  deaths  in  the  census  year,  when 
the  population  is  known  with  precision  ;  but  as  it  is 
important  to  obtain  large  numbers,  it  is  convenient 
to  use  the  death  returns  of  a  series  of  three  or  more 
years,  in  which  the  census  year  is  central.  Thus  the 
1901  census  population  may  faii-ly  be  assumed  to  be 
substantially  the  same  as  the  average  population  in 
the  years  1900-1-2.    A  still  better  method  is  to  take 

•  The  "  mean  duration  of  life"  differs  from  the  "  probable  duration  of 
life"  just  as  the  arithmetical  mean  of  a  list  of  numbers  differs  from  the 
middle  value  of  the  series.  The  fact  that  one  term  has  as  many  tjrms 
above  as  below  it  does  not  render  it  the  mean  of  the  series. 

The  "  mean  duration  of  life"  must  also  be  carefully  distinguished  from 
the  "  mean  age  at  death."  The  latter  expression  is  not  employed  m 
reference  to  a  life-talile  population,  ^ 
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the  death  returns  for  a  whole  inter-censal  period,  and 

the  Tiiean  population.     A  separate  table  should  be 

constructed  for  each  sex. 

Having  decided  upon  the  intervals  to  be  taken 

(annual  or  quinquennial),  the  first  step  is  to  ascertain 

from  the  census  returns  the  'number  livinw  at  each 

group  of  ages,  and,  from  the  death  returns,  the  mean 

annual  number  of  deaths  among  each  group.  As 

11  1-1  number  of  deaths  , 

already  explanied,  , — -~.         X  1,000  =  d  =  tlie 

numoer  living 

death-rate  for  that  group  of  ages  per  thousand  living. 
These  d  deaths  (among  1,000  living)  are  assumed  to 
be  evenly  distributed  over  the  whole  age-period  in- 
cluded in  the  group,  so  that  half  {i.e.       will  occur  in 

the  earlier  half  of  the  ages,  and  half  in  the  later.* 
Hence  the  1,000  persons  are  regarded  as  decreasing 

from  1,000  +  -  at  the  beginning  of  the  period  to 
1,000  -  —  at  the  end  of  it ;  and  the  ratio  of  the  final 
to  the  initial  population  is  ^1,000- -—j  :  1,000-}-^ 

QP  — P,  Having  found  the  value  of  this  ratio  for 
2,000+ D  ® 

each  age  or  group  of  ages,  we  have  all  the  data 

necessary  for  the  consti'uction  of  a  life-table. 

For  the  first  year  of  life  the  formula  is  not  required. 

If  the  infant  mortality  (deaths  under  1  year  of  age 

per  1,000  births)  be  200,  it  is  evident  that  1,000,000 

persons  at  birth  (i.e.  living  at  the  commencement  of 

the  year  in  question)  will  be  reduced  to  800,000 

during  the  year.   The  number  commencing  the  second 

*  In  other  words,  "the  mnnber  of  the  livinp;  in  any  year  of  their  nge  is 
an  aritlimetic.al  mean  ])ropoi  tional  betwi'en  tlie  nnnibers  that  annually 
enter  upon  and  that  annually  complete  that  year"  (Milne,  qnoted  l>y  Fan  ). 
An  earlier  hypothesis  (l)t-  Moivre's)  assumed  that  tl.e  nnnihers  livinu 
deereased  in  arithmetieal  progression  dcnvn  to  nothing  at  the  age  of 
eighty-six  years. 


XXII  LIFE-TABLES 


year  is  800,000 ;  taking  the  death-rate  during  that 
year  of  age  as  65  per  thousand  living,  the  formula 
9  000  —  65         1,935       ,  ,       ,         1  •  1 

the  800,000  living  at  the  beginning  of  the  second  year 

...  .        n       ■,  ,     800,000        1,935         _  .„  , 
will  be  reduced  to  — —   x  or  749,637  at  its 

1  2,06o 

close.    In  like  manner  are  determined  the  survivors 

at  the  end  of  the  third,   fourth,    and  fifth  years. 

After  the  fifth  year  it  is  usual  to  proceed  by  5-y early 

periods,  but  the  method  is  substantially  the  same. 

Suppose,  for  instance,  that  we  have  already  found 

that  of  the  million   only  700,000  survive   at  the 

end  of  the  fifth  year;  and  that  the  mean  annual 

death-rate  among  persons  aged  five  to  ten  years  is  6-5. 

This  death-rate  is  assumed  to  be  true  of  each  of  the 

five  years,  hence  the  formula  of  reduction  for  each 

.    2,000-6-5        ,  .     ^1      r  /2,000-6-5y 
year  is  — — — — :,  and  tor  the  five  years  I  ^       ,  „  .  )  . 
2,0004-6-5'  \2,000  4-6-5/ 

At  the  end  of  the  tenth  year,  therefore,  the  700,000 

will  have  become  reduced  to  700,000  x  f         ,  ^  f  ) 

\2, 000+6-5/ 

— which,  by  the  aid  of  logarithms,  is  readily  found  to 
be  677,615. 

The  process  is  repeated  for  each  quinquennium 
until  no  more  survivors  are  left. 

If  decennial  be  substituted  for  quinquennial 
periods,  the  annual  death-rate  D  must  be  calculated 
for  the  ten-year  age  period  as  a  whole,  and  the 

formula  will  be  { )  • 
\  2,000-l-Dy 

A  life-table  traces  the  histoi^y  of  a  hypothetical 
generation  which  lives  through  each  period  of  its  life 
under  the  conditions  that  attend  each  such  period 
durins:  the  era  under  examination.  It  eliminates 
the  disturbing  influence  of  a  variable  birth-rate  and 


718 


VITAL  STATISTICS 


[chap. 


migration-rate,  which  introduce  many  fallacies  into 
any  attempted  estimation  of  longevity  from  mere 
death-rates  in  a  changing  population.  A  census 
return  gives  the  numbers  living  at  ages  between 
certain  tixed  points ;  a  life-table,  on  the  other  hand, 
sliovvs  the  relative  numbers  surviving  at  certain 
points  of  time,  or  rather  of  age,  and  thus  enables 
ns  to  calculate  the  expectation  of  life  at  any  such 
point. 

The  expectation  of  life  at  any  age  a  is  calculated 
by  adding  together  the  years  of  life  lived  through  by 
the  whole  of  the  life-table  population  after  that  age, 
and  dividing  by  the  number  of  survivors  at  age  A. 
Thus  to  find  the  expectation  of  life  at  fifty  years  of  age 
in  males  according  to  the  1 89 1-1 900  life-table  (Appendix 
x)  the  first  step  is  to  add  together  the  numbers  surviv- 
ing at  each  later  age  :  this  gives  the  number  of  complete 
quinquennia  lived  fchrough=l, 745,421.  But  in  addi- 
tion to  the  quinquennia  which  he  completes,  each  of 
the  530,888  males  surviving  at  age  50  lives  through 
some  portion  of  that  quinquennium  in  which  he  dies. 
By  a  further  application  of  Milne's  principle  this 
fraction  is  averaged  as  half  a  quinquennium,  and 
hence  we  have  to  add  265,444  half-quinquennia  to  the 
1,745,421  quinquennia.  We  thus  get  a  total  of 
2,010,865  quinquennia  or  10,054,3. '5  years  of  future 
life ;  and  this,  divided  among  the  530,888  who  are 
alive  at  age  50,  gives  the  expectation  of  life  as 
18-9  years. 

The  expectation  of  life  is  somewhat  greater  among 
females  than  among  males,  at  all  ages.  It  is  greatest 
in  both  sexes  at  about  three  years  of  age. 

Seaisonal  variations.  —  Most  diseases,  and 
well-defined  groups  of  diseases,  have  a  fairly  constant 
relation  to  season,  and  present  characteristic  curves 
of  average  seasonal  mortality,  subject,  however,  to 
variation  in  time   and   range  in  any  given  year. 
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Many  of  them  have  an  obvious  relation  to  heat  and 
cold  :  thus  there  is  a  winter  maximum  in  deaths 
from  apoplexy  and  diseases  of  lungs,  heart,,  and 
kidneys  ;  and  a  summer  maximum  as  regards  diar- 
rhoea, tabes  raesenterica,  and  thrush.  Scarlet 
fever,  enteric  fever,  diphtheria,  puerperal  fever 
erysipelas,  and  rheumatism  have  their  maximum 
about  November;  small-pox  and  whooping-cough 
have  a  spring  maximum ;  and  so,  too,  have  phthisis, 
"convulsions,"  gout,  and  laryngitis.  Measles  has 
a  double  seasonal  curve  with  two  maxima  and  two 
minima. 


Cause  of  Death. 


All  Causes  ; 

Small-Pox  

Measles  - 

Scarlet  Tever  

Diphtheria  

Whoopiug-Cough  

Enteric  Fever  

Typhus   

Erysipelas    -  -  

Puerperal  Fever  

Other  deaths  from  childbirth 


Diarrhoea 


Eheumatism 

Alcoholism  

Gout  

Phthisis   -   -  -  

Apoplexy,  Paralysis     •    .  - 

Convulsions   

Diseases  of  Circulatory  System 

Laryngitis  

Bronchitis  - 

Pucumouia  

Pleurisy  

Kidney  Disease  

Old  Age  


Mortality. 


Greatest. 


(1)  Dec.  to  March. 

(2)  July  to  August. 
January  to  May. 

(1)  December. 

(2)  June. 
October. 

Nov.,  December. 
March,  April. 
November. 
January. 
Nov.,  December. 
November. 
Dec,  January. 
July  (4th  week), 
Aug.   (1st  and 
2ud  weeks). 
November. 
July. 
April. 

March,  April. 
Dec.  to  March. 
March. 

Nov.  to  January. 

March. 

January. 

Jan.  and  March. 

December. 

Nov.  to  April. 

January. 


Least. 


(1)  June. 

(2)  October. 
Sept.  and  Oct. 

(1)  September. 

(2)  February. 
March  to  May. 
May,  June. 
Sept.,  Oct. 
June. 

September. 
May  to  Aug. 
August. 
June,  July. 

Dec.  to  May, 

August. 
Dec.  to  Mar. 
September. 
September. 
July,  Aiigust. 
Se^jtember. 
August. 
Aug.,  Sept. 
August. 
August. 
August. 
Ju.ne  to  Aug. 
June  to  Oct. 


720 


VITAL  STATISTICS  [chap. 


The]  'e  are  also  characteristic  seasonal  curves  of  mor- 
tality from  all  causes  at  certain  ages  : — 


Ages. 

MOUTAHTY. 

Greatest. 

Least. 

O-l  ) 

5-20 
Over  20 

4tli  week  in  July  to 
212(3  week  iu  Aug. 

( 1 )  i'eb.  to  April 

(2)  July,  August  . 
December  . 
December  . 

j  April,  May,  June 

June,  Jiily 
September 
July,  August 
August 

The  mortality  at  ages  from  5  to  20  shows  only 
a  sliglit  excess  at  mid-winter  and  a  slight  falling  off 
at  mid-summer.  The  position  of  the  maximum  and 
minimum  points  remains  the  same  at  all  later  ages,  Lut 
a  rapidly  increasing  sensitiveness  to  cold  is  manifested 
by  a  wider  range  of  seasonal  curve.  Below  five 
years  of  age  a  similar  increase  in  sensitiveness  to 
climatic  conditions  is  found ;  but  the  greatest  danger  is 
from  heat,  not  from  cold.  From  one  to  five  years 
the  principal  maximum  occurs  in  the  early  sjjring, 
owing  to  seasonal  prevalence  of  whooping-cough  and 
measles ;  but  there  is  also  a  distinct  rise  in  J uly  and 
August,  due  to  diarrhoeal  diseases.  Under  one  year 
of  age  this  minor  elevation  becomes  an  enormous 
peak,  corresponding  to  the  diarrhcea  maximum. 

Occupation  and  mortality.  —  In  tracing, 
from  mortality  data,  the  influence  of  occupation 
upon  health,  it  is  necessary  to  take  into  account  not 
only  the  numbers  employed,  but  also  their  sex-  and 
age-distribution,  and  the  inevitable  selection  of  the 
more  robust  for  certain  kinds  of  employment,  and 
the  weaker  for  others. 

Comparing  the  results  of  the  1901  census  with 
the  mean  mortality  of  the  three  years  1900-2, 
Tatham  showed  that  among  the  whole  male  popu- 
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lation  aged  25-65  there  were  1,000  deaths  per 
71,005  living,  corresponding  to  a  death-rate  of  14-1, 


Small 
Pox 


i^^'liooping 
Coug-h 


Measles 


Enteric 
Fever 


Scarlet 
Fever 


phtheria  - 


Fig.  50.-SeasonaI  Curves  of  Mortality  (London).    Mean  of  40  Years 
except  Diphtheria  (20  years)  and  Enteric  Fever  (12  years) 

Knch  Uivisiou  forrc^iiond.s  to  lo  ncr  cent.  al>ove  or  below  tho  mean  anniiHl 
mortality  iiulicatcci  by  the  dotted  liue  annual 

2  u 
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For  the  four  decennial  age-periods  thus  covered  the 
data  were  as  follows  : — 


Age- period. 

Standard 
population. 

Annual  death- 
rate. 

Annual  deaths 
in  standard 
population. 

25-35 

26,259 

6-38 

168 

35-45 

20,407 

10-94 

223 

45-55 

14,748 

18-67 

275 

55-65 

9,591 

34-80 

334 

25-65 

71,005 

14 -OS 

1,000 

In  the  same  standard  population  the  mortality 
from  any  specified  cause  can  be  calculated  for 
each  of  the  age-decennia  and  for  the  whole  25-65 
age  period ;   multiply  the  figure  in  column  4  by 

deaths  from  the  specified  cause        .      i    j.i  x 

 ^  ,  J    .   :  the  deaths  to  be  taken 

total  deaths 

into  account  being,  of  course,  those  of  the  age  period 
under  consideration. 

In  like  manner  the  smaller  statistics  of  persons 
engaged  in  different  occupations  are  dealt  with,  and 
in  order  to  arrive  at  comparable  results  the  standard 
age-  (and  sex-)  distribution  has  to  be  observed.^  Thus, 
as  regards  the  earthenware  manufacture  it  is  ascer- 
tained from  the  census  returns  how  many  male 
potters  are  living  at  each  of  the  four  age-decennia 
between  25  and  65;  and  from  the  death  returns 
what  is  the  annual  number  of  deaths  among  male 
potters  at  each  age  decennium.  It  is  then  easy  to 
calculate  the  annual  number  of  deaths  among  a 
standard  population  of  71,005  of  potters— 26,259 
aged  25-35,  10,407  aged  35-45,  14,748  aged  45-55, 
and  9,591  aged  55-65.  It  is  found  to  be  1,493,  as 
compared  with  1,000  for  "  all  males."  These  are  com- 
parable figures,  and  in  the  same  way  comparable  data 
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COMPAKATIVE  MORTALITY  ACCORDING  TO  OCCUPATION, 

AMONG  Males  26-65  Years  or  Age. 


a 

Cancer. 

03 

w 

•rH 

aeumonia. 

CO  _• 

M 

England  and  Wales. 
1900-1-2. 

coholis 

Gout. 

Phthis 

ronchit 

Liver 
Disease 

Bright'] 
Disease 

a 

P 

5 

— 

AU 
Causes 

<1 

— 

Ph 

 ' 

All  Males    -  - 

9 

'68 

J.OO 

57 

1 

90 

27 

35 

1 

1000 

Agriculturists  -    -    -  - 

7 

1 

50 

22 

49 

13 

18 

— 

602 

65 

ion 

27 

62 

16 

20 

— 

967 

Cotton  Manufacture  - 

Li 

1 

1Q7 

±Vl 

92 

109 

17 

38 

— 

1114 

Wool  Munufaeture  -  - 

7 

64 

56 

83 

24 

50 

— 

984 

Coal  Miners     -   -    -  - 

e 
0 

53 

89 

79 

86 

17 

12 

— 

885 

Coal  Heavers  -    -    -  . 

1 

-1, 

57 

213 

91 

157 

18 

42 

— 

1221 

Tin  Miners      -    .    -  . 

206 

81 

12 

50 

— 

2131 

Lead  Miners    -    -    -  - 

6 

_ 

66 

324 

53 

84 

19 

19 

— 

1206 

Glass  Manufacture  -  - 

7 

4 

71 

283 

132 

104 

23 

53 

1260 

Earthenware           -  - 

8 

74 

285 

253 

105 

21 

33 

10 

1493 

Plumbers  

13 

8 

73 

213 

57 

85 

21 

74 

23 

1114 

13 

2 

72 

533 

132 

136 

22 

51 

— 

1566 

14 

57 

387 

114 

151 

15 

134 

56 

1700 

8 

3 

65 

mo 

47 

64 

24 

42 

2 

994 

15 

3 

77 

248 

61 

68 

26 

42 

1027 

16 

1 

56 

ro3 

22 

59 

30 

35 

845 

11 

1 

54 

125 

30 

43 

32 

37  1 

729 

13 

2 

74 

165 

£3 

79  i 

32 

33  i 

34 

5 

74 

182 

58 

96 

60 

46  1 

1148 

Brewers  ------ 

47 

Sj 

119 

248 

98 

96 

73 

43 

1393 

111 

11 

74 

271 

57 

147 

201 

87 

1781 

Costernoongers     .    -  . 

59 

1 

93 

554 

165 

177 

40 

55  1 

2007 

Dock  Labourers  -   -    -  I 

50 

2 

76 

308 

1371 

187 

22 

41  ' 

1481 

Chimn  y  Sweeps  -   -  - 

48 

4 

! 

152 

284 

100 

1 

136 

32 

1 

23  ' 

1345 

The  following  list  shows  the  comparative  mor- 
tality figure,  calculated  in  the  same  way,  for  a 
number  of  other  occupations  : — 


All  Males 

1,000 

Clergy 

524 

Gardeners  . 

663 

Teachers 

665 

Hosiery  Manufacture  . 

921 

Lace  Workers 

950 

Tanners 

774 

Artists 

823 

Liawj'crs 

750 

Blacksmiths 

937 

Shoemakers 

984 

Commercial  Travellers 

988 

Medical  Men 

952 

Shopkeepers  generally 

973 

Law  Clerks 

970 

Hairdressers 

1,196 

Hatters 

1,137 

Musicians  . 

1,261 

General  Labourers 

2,235 
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as  to  mortality  from  plitliisis  and  other  special  causes 
can  be  obtained  for  eacli  occupation. 

Phthisis  and  respiratory  diseases  cause  a  high 
mortality  among  debilitated  persons,  especially  those 
exposed  to  weather,  to  hot  or  impure  air,  and  to  cer- 
tain forms  of  dust.  Hence  the  mortality  from  these 
causes  is  high  among  costermongers,  cutlers,  file- 
makers,  potters,  printers,  and  highest  of  all  in  Cornish 
tin-miners.  The  comparatively  low  mortality  from 
phthisis  among  coal-miners  may  be  attributed  to  the 
particles  of  coal  being  comj^aratively  free  from  sharp 
angles  and  hence  less  irritating  than  stone  or  metallic 
dust  (Hirt).  The  same  immunity  from  phthisis  has 
been  observed  among  coal-miners  in  other  countries, 
but  it  must  not  be  forgotten  that  the  nature  of  the 
em[)loyment  excludes  weakly  persons,  and  that  coal- 
mines are  well  ventilated. 

Nervous  diseases  cause  excessive  mortality  in 
occupations  associated  with  alcohol  or  lead  ;  the  most 
fatal  occupations  in  this  respect  are  those  of  inn- 
keepers, glass-makers,  file-makers,  and  lead-workers. 
The  incidence  of  gout  and  of  fatal  kidney  disease 
is  very  similar.  Mortality  from  diseases  of  the  liver 
is  in  the  main  associated  with  mortality  from  alcohol- 
ism, both  being  high,  for  example,  among  commercial 
travellers,  butchers,  brewers,  and  innkeepei's. 

Diseases  of  the  circulatory  system  are  most  fatal 
among  costermongers,  cabmen,  brewers,  publicans,  pot- 
ters, cutlers,  file-makers,  and  workers  in  glass. 

The  comparative  mortality  figures  tend  to  establish 
a  relation  between  intemperance  and  diseases  of  the 
heart,  liver,  kidneys,  and  nervous  system,  and  also 
phthisis  and  gout.  Lead  poisoning,  similarly,  is  seen 
to  be  associated  with  diseases  of  the  kidney,  heart, 
and  nervous  system,  and  also  with  gout. 

Value  of  statistical  series  aiirt  ayeras:os.— 
The  mean  or  avercuje  of  a  series  of  numbers  is  a  number 
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which  lies  between  the  greatest  and  least  of  these,  and 
stands  in  a  definite  dependence  upon  the  whole  of  the 
series  {Radicke).  There  are  several  kinds  of  means. 
Thus,  if  the  series  consists  of  four  numbers — namely, 
a,  b,  c,  and  d — we  have 

The  arithmetic  mean,  oi'  simple  average,        ^  ~^  ^  "^^  . 

4 

The  geometric  mean,  bed 

4 

The  harmonic  mean,  1111 


;i      5^  +  c2  +  d--' 


The  quadratic  mean,  /\J 

When  the  terms  of  the  series  are  equal,  all  kinds 
of  means  are  also  equal ;  but  if  otherwise,  the  quadratic 
is  the  highest,  then  the  arithmetic,  geometric,  and 
harmonic,  in  the  order  stated. 

The  simple  average,  or  arithmetic  mean,  is  by  far 
the  most  generally  adopted,  and  mainly  in  three  classes 
of  cases  : — 

1.  As  a  pure  average;  for  example,  the  averao-e 
age  of  a  number  of  persons.    The  terms  are  exact 
and  the  "  mean "  has  no  significance  as  regards  any 
individual.    Thus,   the  ages  of  ten  persons  whose 
deaths  were  attributed  to  diarrhoea  might  be  1,  1,  1  1 
71,  71,  1,  1,  1,  71  ;  and  those  of  ten  who  died' from 
enteric  fever  17,  18,  2G,  29,  25,  20,  16,  19,  24,  26 
These  two  series  have  nothing  in  common  as  regards 
the  individuals,  but  the  average  of  each  is  22  Th- 
niean  temperature  of  a  day  or  year  is  a  simple  averaae 
of  the  observations  which  are  taken  into  account 
Similarly,  if  we  mix  together  equal  volumes— sav' 
an   ounce  of   each— of  four  saline  solutions  coii- 
taimng  respectively  10,  20,  30,  and  40  grains  of  salt 
per  ounce,  the  whole  will  contain  25  grains  per  ounce 
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2.  As  a  probable  trioe  value  of  a  definite  quantity. 
— Given  two  results  equally  likely  to  occur,  the  fre- 
quency of  the  one  becomes  more  and  more  certainly 
equal  to  that  of  the  other,  in  proportion  as  the  number 
of  observations  increases.  If  a  coin  be  tossed  1,000 
times,  it  is  improbable  that  heads  will  turn  .up  much 
more  or  much  less  than  .500  times  ;  but  with  only  10 
trials,  there  is  little  certainty  of  approximate  equality. 
If  in  a  given  series  of  measurements  of  a  fixed  quan- 
tity (an  angle,  for  instance),  the  errors  of  experiment 
are  exactly  as  likely  to  be  in  excess  as  in  deficiency, 
these  errors  will  neutralize  each  other  if  we  take  the 
mean  of  a  sufficiently  large  number  of  observations. 
An  error  of  magnitude  x  in  a  single  observation  will 

affect  the  mean  to  the  extent  ^  in  a  series  of  ten  ob- 
servations, but  only  in  a  series  of  a  thousand 

terms.  The  more  extended  the  series,  the  greater 
the  probability  of  accuracy,  which  increases  as  the 
square  root  of  the  number  of  observations. 

If  the  measurements  are  of  equal  precision,  a 
closer  but  less  simple  approximation  to  the  probable 
true  value  sought  may  be  obtained  by  adopting 
the  principle  of  least  squares  :  that  is,  by  finding 
such  a  mean  value  that  the  sum  of  the  squares  of 
the  residual  errors  of  the  observations  shall  be  a 
minimum. 

3.  As  a  x)rohable  value  of  a  variable  quantity  de- 
termined under  average  conditions  ;  for  example,  the 
average  daily  excretion  of  urea,  as  determined  by  a 
series^of  more  or  less  exact  measurements  under  vary- 
inf^  conditions  as  to  food  and  exercise.  In  vital  statis- 
tics absolutely  fixed  points  are  of  rare  occurrence,  and 
most  of  the  problems  belong  strictly  to  this  class. 

It  may  be  important  to  determine  tlie  value  of  a 
series  of  observations  ;  that  is,  how  far  the  mean  is  a 
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trustworthy  approximation  to  the  true  value  sought.  As 
already  explained,  the  value  of  a  series  increases  with 
the  number  of  observations,  and  with  their  equality. 
Another  test  is  that  of  "successive  means.^'  Fortius 
purpose  we  take  the   mean  of  the  first  two  terms 

(~— ),  of  the  first  three      +  ^  +      q£  ^j^g  g^.^^  f^^.^^. 

/a  -\-  b  +  c  +  d\       -  ^, 
 ^  j,  and  so  on.    Ihese  "successive  means" 

may  vary  sharply  at  first;  but  presently  the  first  figure 
becomes  staticuary ;  then  the  second;  and  finally,  if  the 
series  is  sufficiently  extended,  the  later  successive  means 
cease  to  vary  materially.  If  the  successive  means,  car- 
ried to  the  end  of  the  series  of  terms,  do  not  attain  the 
required  degree  of  constancy,  the  series  is  too  short. 

A  further  criterion  is  the  determination  of  the 
error  ;  that  is,  the  divergence  of  the  individual  terms 
of  the  series  from  its  mean.  The  mean  error  in  excess 
and  the  mean  error  in  deficiency  are  simply  the  arith- 
metic means  of  the  errors  of  those  terms  which  fall 
respectively  above  and  below  the  mean  of  the  series. 
The  mean  error  of  the  series  is  the  average  of  the  mean 
errors  in  excess  and  deficiency.  The  greater  the  mean 
error,  the  greater  is  the  need  for  an  extended  series  in 
order  to  compensate  for  the  uncertainty  of  each  ob- 
servation. Eadicke  prefers  to  adopt  the  quadratic 
mean  error  rather  than  the  arithmetic,  described  above, 
since  the  former  increases  more  rapidly  with  the 
inequality  of  the  terms. 

Multiplying  the  mean  error  by  -6745  or  f  we  get 
the  2^rohahle  error,  so  called  because  it  is  probable 
that,  if  the  series  were  prolonged  indefinitely,  the 
errors  would  as  often  exceed  as  fall  short  of  this 
quantity. 

The  maximum  error,  whether  in  excess  or  de- 
ficiency, is  useful  as  showing  the  possible  error  of  a 
limited  number  of  observations.     Another  way  of 
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estimating  the  eiTor  is  to  determine  the  '■^  error  of 
mean  square."  In  a  series  of  n  terms,  Q  being  the 
quadratic  mean  and  A  the  arithmetic  mean,  the  "ei-ror 

of  mean  square  "  is  ^ 

The  value  of  a  series  increases  as  the  proportion 
of  the  "error"  (of  whatever  kind)  to  the  meau 
diminishes.  The  relative  values  of  two  or  more  series 
vary  inversely  as  the  square  of  their  "  probable  errors." 

Statistics  are  often  presented  in  bulk,  and  the 
same  question  of  sufficiency  arises.  For  instance,  out 
of  6,288  reported  cases  of  scarlet  fever  2,861  are  at 
ages  under  li\^e  years ;  are  these  numbers  siifficiently 
great  to  warrant  the  conclusion  that  the  proportion, 
45*5  per  cent.,  is  approximately  constant Such  data 
are  really  the  sum  or  average  of  suppressed  series,  and 
their  value  is  proportionate  to  the  square  root  of  their 
magnitude.  Poisson  proposed  to  measui'e  the  liability 
to  error  thus  :  If  of  /x  observations,  m  are  in  one 
category  and  n  in  other  categoi'ies,  and  m  -\-  n  =  /i, 
then  the  true  proportion  of  the     category  to  the  total 

/i  lies  between  -  +  2   f^^j'^I^  and  -    —  2  \/'^> 

In 

,1     •     ,         •       •  J.  -A      /2  X  2,861x1^427 

the  instance  m  point  the  range  is  4  a/  '  ' — , 

V  (6,2oo)'' 

3  6 

or  about        •     Hence  the  indicated  proportion,  45-5 
1,000  ^  ^ 

per  cent.,  is  liable  to  a  range  of  error  of  3-6  per  cent., 

from  43-7  to  47-3. 

It  may  also  be  possible  to  divide  the  total  ^  into 

two  or  more  fairly  equal  parts,  and  thus  ascertain  if 

the  proportion  —  is  approximately  constant  in  each. 

Sucli  constancy  would  tend  to  show  that  the  proportion 
is  a  fixed  quantity,  and  not  a  mere  average. 
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The  preceding  remarks  have  reference  mainly  to 
series  that  are  intended  to  show  by  their  mean  some 
true  fixed  quantity.  Sometimes  they  are  used  for  a 
dift'erent  purpose — namely,  the  exhibition  of  pro- 
gressive changes  or  fluctuations.  Here  the  general 
considerations  as  to  magnitude  still  apply,  but  the 
determinations  of  "  error  "  have  no  significance  except 
in  regard  of  the  individual  terms  of  the  series.  It  is 
often  convenient,  for  the  purpose  of  comparing  the 
fluctuations  of  different  series,  to  adopt  Buchan  and 
MitchelVs  method — namely,  to  state  each  term  of  a 
series  as  a  percentage  of  the  arithmetic  mean  of  the 
series.  In  this  way  all  series,  whether  the  terms  are 
large  or  small,  are  reduced  to  the  same  scale,  and  their 
true  differences  and  resemblances  can  be  seen  at  a 
glance.  The  curves  in  Fig.  50  (p.  721)  may  serve  as 
an  example. 

If  the  terms  of  a  series  are  based  upon  scanty 
statistics,  the  accidental  irregularities  may  be  so  great 
as  to  obscure  the  true  curve.  Some  degree  of  this  is 
evident  in  respect  of  diphtheria  in  Fig.  50.  A  clearer 
indication  of  the  general  outline  may  in  such  cases 
often  be  obtained  by  Bloxam's  method— tha,t  is,  by 
substituting  for  each  term  the  mean  of  three  adjoining 
terms.  Thus  in  a  series  a,  b,  c,  d,  e,f,  g,  etc.,  we  should 

substitute  (a),  ,  — ^-  ,  etc.  This 

o  o  o 

treatment  is,  of  course,  arbitrary,  and  curves  so  con- 
structed are  not  to  be  regarded  as  exact  in  detail. 
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I.  Death-Rates  in  Seceoued  Urban  and  Rural.  Codnties, 

1891—1900. 
England  and  Wales. 


Cause. 

Urban  Counties. 

Rural. 

All  Causes  

20,325 

14,800 

Small-Pox  

13 

3 

Measles   

512 

212 

Scarlet  Fever   

200 

99 

Whooping  Cough   

Diphtheria   

433 

292 

297 

201 

Enteric  Fever   

198 

116 

Diarrhffia  

909 

382 

Pneumonia   

1,770 

1,207 

Phtliisis   

1,493 

1,292 

Rheumatic  Fever   

92 

76 

Cancer   

789 

7U 

Diabetes   

71 

88 

Bronchitis  

2,929 

1,519 

Briglit's  Disease  

359 

335 

II.  Death-Rates  at  Ages,  England  and  "Wales. 


Ages. 

Males. 

Females. 

Ten  years  ) 
ended ) 

1860 

1870 

1880 

1890 

1900 

1860 

1870 

1880 

1890 

1900 

All  Ages 
0—  5 
5—10 
10—16 
15—20 
20—25 
25-35 
35—45 
45—55 
55-65 
65—75 
75—85 
Over  85 

21-9 
72-7 
8-5 
4-9 
6-7 

8-  8 

9-  6 
12-5 
18-0 
31-0 
65-5 

146-7 
308-2 

22-3 
73-5 
8-2 
4-5 
6-2 

8-  5 

9-  9 
13-5 
19-2 
33-1 
67-1 

147-2 
315-0 

21-5 

68-  5 

6-  7 
3-7 
5-3 

7-  4 
9-4 

13-8 
20-1 
34  9 

69-  7 
150-8 
327-4 

19-7 
61  -6 
5-4 

3-  0 

4-  3 

5-  7 
7-8 

12-4 
19-4 
34-7 
70-4 
146-6 
305-8 

19-3 
62-7 

4-  3 

2-  4 

3-  8 

5-  1 

6-  8 
11-5 
19-0 
35-0 
70-4 

146-1 
286-8 

20-6 
63-0 
8-4 
5-1 

7-  4 

8-  6 
10-0 
12-2 
15-3 
27-1 
58-9 

134-5 
288-9 

20-4 
63-7 

7-  8 
4-5 
6-7 

8-  0 

9-  7 
12-1 
15-6 
27-9 
59-1 

134-9 
285-1 

19-3 
58-4 
6-3 
3-7 

5-  5 

6-  8 
8-6 

11-6 
15-6 
28-7 
61-0 
135-4 
296-4 

17-6 
52-0 
5-3 

3-  1 

4-  4 

5-  5 
7-4 

10-6 
15-1 
28-5 
60-4 
130-0 
270 -S 

17-1 
52-8 
4-4 

2-  6 

3-  7 

4-  5 
6-1 
9-6 

14-8 
28-4 
60-7 
130-6 
261-4 

7-^0 
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III.  Population,  England  and  Wales. 


Density. 

Rate  of 

Females 

X  \j  yj  \.i  itx\ji\j  11 1 

Decennial 

Per 

Increase, 

100  Males. 

Per 

Square 

Inhabited 

Mile. 

House. 

1861 

20,066,224 

11-9 

105-3 

344 

5-4 

1871 

22,712,266 

13-2 

105-4 

390 

5-3 

1881 

25,974,439 

14-4 

105-5 

445 

5-4 

1891 

29,002,625 

11-7 

106-4 

497 

5-3 

1901 

32,526,075 

12-2* 

106-9 

558 

5-2 

1911 

36,075,269 

10-9 

106-8 

*  Highest  (23-1)  in  urban  districts  of  50,000  to  100,000,  diminishing  in 
each  direction  to  9-3  in  those  over  250,000  and  to  4-6  in  those  under  3,000. 


IV.  Age  and  Sex  Distribution  of  Population  pee  Million, 
England  and  "Wales,  Census  1901. 


Age- 
Periods, 


0—  5 
5—10 
10—15 
15—20 
20—25* 
25—35 
35—45 
45—55 
55—65 
65—75 
75—85 
Over  85 


All  Af^es 


Males. 


57,039 
53,462 
51,370 
49,420 
45,273 
76,425 
59,394 
42,924 
27,913 
14,691 
5,080 
552 


483,543 


Females. 


57,223 
53,747 
51,365 
50,376 
50,673 
85,154 
63,455 
46,298 
31,828 
18,389 
7,010 
939 


516,457 


Total. 


114,262 
107,209 
102,735 
99,796 
95,946 
161,579 
122,849 
89,222 
59,741 
33,080 
12,090 
1,491 


1,000,000 


Urban. 


114,348 
105,555 
101,147 
101,080 
100,291 
167,597 
124,282 
88,368 
56,642 
29,502 
10,102 
1,186 


1,000,000* 


Rural. 


113,978 
112,760 
108,397 
05,48& 
81,370- 
141,390 
118,039 
92,086 
70,139 
45,080 
18,758 
2,514 


1,000,000+ 


*  Males,  479,444;  females,  520,556. 
t  Males,  497,293 ;  females,  502,707. 

V.  Birth-Rates  and  Death-Rates,  England  and  Wales. 


Deccnnium. 

Birth- 
Rate. 

Birtlis  of  Males 
per  100  Birtlis 
of  Females. 

Deatli-Rate. 

Infant 
Mor- 
tality. 

Male. 

Female. 

Total. 

1851—1860 
1861  -1870 
1871—1880 
1881-1890 
1891—1900 

34-  1 
.35-2 

35-  5 
32-4 
29-9 

104-6 
104-2 
103-8 
103-7 
103-6 

23-0 
23-6 
22-6 
20-2 
19-3 

21-3 
21-3 
20-0 
18-0 
17-2 

22-4 
22-4 
21-3 
19-1 
18-2 

154 
154 
149 
142 
154 

732 
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VI.  Death-rates  pee  Million,  England  and  Wales, 
Causes  and  5-Year  Periods. 


Causes.     ^^^^  y??''s  I. 

ending  | 


All  Causes  ... 
Sinall-Pox  ... 
Measles 
Scarlet  Fever 
Typhus 
Enteric  Fever 
Whooping-Cougli 
Diphtheria  ... 
Diarrhoea 
Pneumonia  ... 
Ery.sipnlas  ... 
Plithisis 
Alcoholism  ... 
Rheumatic  Fever 
Cancer 
Diabetes 
Premature  Birth 

Heart  

Bronchitis  ... 
Cirrliosis  of  Liver 
Bright's  Disease  . 


1880 

1885 

1890 

1895 

<0C\  •7QT 

iy,4Ua 

^  o  one; 
10,090 

18,718 

17,685 

16,004 

1  o 

14 

20 

7 

25 

ooo 

At  'J 

41o 

468 

407 

421 

320 

OA  1 

z41 

182 

135 

120 

( 

4 

1 

1 

97*7 

216 

1|9 

174 

175 

113 

Pi97 

444 

398 

359 

300 

122 

156 

170 

253 

272 

204 

853 

fi79 

VIZ, 

Ool 

DO  I 

817 

673 

999 

1,0C2 

1,131 

1,251 

1,203 

1,271 

81 

83 

54 

48 

35 

36" 

2,040 

1,830 

1,635 

1,462 

1,322 

1,215 

42 

48 

56 

68 

86 

78 

62 

98 

89 

88 

83 

77 

494 

548 

632 

711 

800 

86 1 

40 

51 

62 

69 

81 

89 

473 

475 

507 

562 

574 

509 

2,475 

2,383 

2,581 

2,504 

2,417 

2,296 

2,377 

2,154 
120 

2,136 

2,074 

1,563 

1,237 

110, 

122 

120 

133 

121 

ISS 

222 

248 

257 

278 

379 

VII.  Death-Rates  per  Million,  England  and  "Wales,  1891—1900. 

Causes  and  Ages. 


Causes.  Ages-{ 

0-5 

5-10 

10-15 

15-20 

20-25 

25-35 

35-45 

1  1 
45-55  55-65 

65-75 

Over 
75 

Small -Pox  

29 

10 

3 

5 

11 

16 

18 

13 

10 

10 

8 

Measles   

3247 

221 

18 

7 

4 

4 

3 

2 

1 

1 

0 

S(!arlet  Fever 

844 

353 

81 

38 

22 

15 

8 

4 

2 

1 

0 

Whonping-Cough  ... 

3086 

96 

3 

1 

"o 

0 

0 

0 

1 

1 

3 

Diphtheria  

1362 

679 

125 

36 

20 

16 

14 

12 

15 

12 

9 

Enteric  Fever 

82 

127 

102 

256 

272 

239 

190 

144 

112 

69 

29 

Diarrhoja   

5485 

37 

10 

8 

12 

22 

40 

85 

234 

70S 

2070 

Pneumonia  

4945 

297 

112 

206 

281 

448 

852 

1271 

1953 

2939 

397.'! 

Phthisis   

413 

206 

368 

1144 

1730 

2135 

2592 

2362 

1881 

1154 

437 

Cancer   

30 

16 

16 

29 

44 

139 

646 

1833 

3662 

5604 

6145 

Diabetes   

4 

7 

17 

29 

36 

49 

71 

136 

390 

460 

380 

Bronchitis  .. 

630( 

110 

27 

31 

45 

100 

367 

1214 

3850 

10060 

23268 

Bright's  disease  ... 

14(1 

64 

49 

67 

99, 

i 

171 

371 

600 

1218 

1849 

1997 
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VIII.  Death-Rates  per  Million,  England  and  "Wales, 
1891—1900,   Causes  and  Sex. 


Causes. 


All  Causes 
Small-Pox ... 

Measles   

Scarlet  Fever 
Whooping-Cougli 
Diphtheria 
Enteric  Fever  .. 
DiarvhcEa  


Male. 

Female. 

Causes. 

Male. 

Female. 

19,316 

17,142 

Pneumonia 

5,425 

4,468 

16 

11 

"Phthisis  

441 

385 

439 

391 

Rlieuniatic 

162 

153 

Fever   

88 

83 

349 

404 

Cancer   

600 

906 

264 

262 

Diabetes  

86 

66 

200 

150 

Bronchitis 

1,849 

1,775 

802 

678 

Briglit's  Disease 

379 

299 

IX.  Infant  Mortality  (pee  1,000  Births)  England  and 
Wales,  1891—1900. 


Sex. 

For  Selected  Counties, 

Age. 

Males. 

Females. 

Urban. 

Rural. 

0-3  months 

82-7 

65-0 

77-8 

67-1 

3-6  „ 

35-0 

30-0 

36-1 

24-9 

6-12  „ 

50-1 

43-9 

53-1 

34-3 

under  1  year 

167-8 

138-9 

167-0 

126-3 

1-2  years 

43-0 

41-7 

49-0 

28-1 

2-3  „ 

15-9 

16-1 

18-6 

10-5 

3-4  „ 

9-8 

10-4 

11-5 

7-2 

i-5  „ 

7-1 

7-4 

8-0 

5-5 

734 
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X.  English  Life  Table,  based  upon  the  Mortality 
Statistics  of  1891—1900  (Tatham). 


Males. 

Females. 

Age. 

burviyors 
all  eacn  age, 
out  of 
1,000,000 
born. 

Expectation  of  Life. 

Survivors 
at  each  age, 
out  of 
1,000,000 
bom. 

Expectation  of  Life. 

1891-00 

1881-90 

1838-54 

1891-00 

1831-90 

1838-54 

0 

1,000,000 

44  "1 

43-7 

39 '9 

1,000,000 

47*8 

/fJ.  0 

1 

828,136 

52 '2 

51-0 

46-6 

859,342 

00  (fr 

4/  0 

2 

784,  OPO 

541 

53-0 

48-8 

816,810 

5fi'3 

/,Q'/, 

3 

767,754 

54  3 

53 -3 

49-6 

800,357 

00  0 

ou  z 

4 

757,631 

54  "0 

53 '1 

49 '8 

789,683 

00  0 

ou  4 

.5 

750,281 

53  "5 

52-7 

49-7 

782,144 

ou  0 

10 

734,299 

49'6 

49 '0 

47 '0 

765,267 

U±  J. 

4/  / 

15 

725,373 

45 '2 

AA'5 

43'2 

755,499 

0 

^0  0 

40  a 

20 

711,714 

41  '0 

AO-'H 
-yf  0 

39- 5 

741,766 

44  If 

Jpj  0 

25 

693,894 

37 '0 

36'3 

3G-1 

72.5,386 

On)  Tt 

00  if 

0/  u 

30 

673,200 

33  1 

32-5 

32-8 

705,819 

35-4 

34-8 

33-8 

35 

648,169 

29  4 

682,147 

31*5 

31-2 

30-6 

40 

615,964 

25-6 

25-4 

26-1 

653,014 

27-8 

27-6 

27-3 

45 

577,010 

22-2 

22-1 

22-8 

619,184 

24-2 

24-0 

24-1 

50 

tJ\J 

ooyjy  ooo 

18  9 

18-8 

19-5 

00' J,  OZv 

20-6 

20-6 

20-7 

55 

475,849 

15-8 

15-7 

16-4 

533,105 

17-2 

17-2 

17-4 

60 

409,518 

12-9 

12-9 

13-5 

473,037 

141 

14-1 

14-3 

65 

332,344 

10-3 

10-3 

10-8 

398,299 

11-3 

11-3 

11-5 

70 

246,630 

8-0 

8-0 

8-4 

307,168 

8-8 

8-8 

9-0 

75 

158,608 

6-1 

6-1 

6-5 

210,688 

6-7 

6-7 

6-9 

80 

82,298 

4-6 

4-5 

4-9 

118,068 

5-0 

5-0 

5-3 

85 

31,323 

3-4 

3-3 

3-7 

49,925 

3-8 

3-7 

4-0 

90 

7,724 

2-6 

2-4 

2-8 

14,330 

2-9 

2-7 

3-0 

95 

1.059 

1-9 

1-7 

2-2 

2,494 

2-2 

2-0 

2-3 

100 

68 

1-5 

1-2 

17 

241 

1-8 

1-5 

1-S 

INDEX 


ABC  process,  374 
Abattoirs  (see  Slaughter-houses) 
Absorption  of  heat  by  soil,  69 
Abyssinian  tube  wells,  46 
Acclmiatization    theory    of  pro- 
tection, 367,  483 
AcicUty  of  water,  74 
Actmomycosis,  160,  357 
Acts  of  Parliament,  M.O.H.  and, 
565 

Adams'  method,  138 
Adoptive  Acts,  589,  592,  593 
Adulterations  of  brandy,  67 

  of  bread,  158 

  of  butter,  152 

  of  flour,  57 

  of  milk,  32 

Aerated  bread,  158 

  waters,  65 

Aerobic  method,  319 

  microbes,  359 

Aeroscope,  11 

Age  and  severity  of  attack,  353 

 •  and  susceptibility,  353 

Age- distribution  as  affecting  mor- 
tality, 707,  711,  722,  730. 
731,  732,  733,  734 

  of  population,  705,  731 

Agencies,  auxiliary,  and  M.O.H.. 
566 

Ague,  492.  661 
Air.  1 

  analysis  of.  192.  196,  197 

  bacteria  in.  6 

  composition  of.  1 

  dust  in,  9 

  examination  of,  11 

  ground,  172 

  impurities  of,  11 

 in  sewers,  305 

  physical  properties  of,  4 

 ■  pollution  of,  611 

  temperature  of,  17 

Air-space  {see  Cubic  si»ace) 
Albuminoid  anuuonia,  83 

 food.  96 

Alburaoses,  359 
Alcoholic  beverages.  163 
 and  disease,  164  ' 


Alexiues,  370 
Alkali  Acts.  10.  663 

 •  works,  fumes  from,  10,  663 

Alkaline  permanganate  solution.  82 
Alluvial  soil,  181 
Alumino-ferric  process.  313 
Ambulant  plague,  489 
Amines  process,  314 
Ammonia,  albuminoid,  83 

  free,  82 

  in  air,  2.  15 

 in  water,  65 

— — ■  process,  Wanklyn's,  81 
Ammoniacal  fermentation  of  urine. 
356 

Ammonium   chloride   solution  in 

water  analysis,  81 
Amoeba  coli,  334,  358 

  dysenteries,  334,  504 

Ansemia  due  to  parasites,  343 
Anaerobic  method.  319 

  microbes.  359 

Analyst.  Public,  616 
Anderson's  process,  314 
Anemometers,  32,  205 

  pocket,  34 

  pressure,  33 

Aneroid  barometer,  29 

Animal  food,  advantages  of,  104 

  matter  in  water,  88.  93 

 •          diseases  caused  by 

93 

  parasites.  334 

Animals,  keeping  of,  576,  635,  681. 

692,  695 
Ankylostoma,  341 

  americanum,  341 

  duodenale,  341 

Ankylostomiasis,  343 
Anopheles.  495 

Annotated  Model  Bye-laws,  680 
Annual  variations  of  barometer,  29 

 of  birth-rate,  706  „ 

 of  death-rate,  719  H 

 of  disease,  718.  721 

 of  rainfall.  36 

 of  thermometer,  18 

Anthrax.  470.  661 

 bacillus  of.  174.  473 
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Anthrax,  external,  471,  474 

  in  animals,  472 

  infection  of,  472 

  internal,  471 

  Order  (1899),  474 

  symptomatic,  357 

Antiantlirax  serum,  473 
Anticyclone,  30 
Anti-D  trap,  287 

Antidote  theory  of  protection,  367 
Antill's  trap,  288 
Antiphtliisin,  458 
Antiscorbutics,  106 
Antiseptics,  543 
Antisiphonage  pipe,  285 
Antitoxic  seriun,  372,  434 
Antitoxins,  370,  416 
Antituberculous  sermn,  459 
Apjohn's  formula,  24 
Arachnida,  337 

Ai-ea  of  rooms,  measiu-ement  of,  199 

 imder  Local  Government  Act 

(1894),  601 
Argon,  2 

Ai'ithmetic  mean,  725 
Army,  hygiene  of,  666,  671 

  mortality  statistics  in,  673 

  preventive  methods  in,  671 

Ai'rowioot,  162 
Arsem"c  in  beer,  165 
— —  in  water,  78 

 test  for,  78 

Arsenical  poisoning,  660 
Artesian  welLs,  45 
Ai-tificial  ventilation,  205 
Artisans'  dwellings,  216 
Ascaris  lumbricoides,  341 
Ash  closets,  298 

Ashes,  removal  of,  279,  302,  573, 

690,  676 
Ashpits,  297 

  bye-laws  as  to,  695 

  cleansing  of,  681,  683 

  construction  of,  690 

Asiatic  cholera  {see  Oholera) 
Aspect  of  houses,  188 
Asyhmi  dysentery,  505 
Atmometer,  25 
Atmospheric  humidity,  20 

  movements,  31 

  pressure,  25 

Attenuation  of  virus,  361 
Auxiliary  agencies,  566 
Averages,  724 
Avian  tuberculosis,  466 

Bacilli,  356 

  patliogeuic,  357 

Bacilhis  aci(U  lactici,  135 
  aetrych.  111 


Bacillus  anthracis,  473 

 tosias  of,  364 

  botulinus.  111 

  butyricus,  135 

  coli  communis,  12,  61,  62,  03, 

64,  92,  93,  125,  126,  128, 
134,  139,  177,  311,  433,  442, 
505 

  diphtheriae,  139,  405,  416 

  dysenterise,  504,  505 

  enteritidis  (Gaertner),  62,  93, 

111 

 sporogenes,  12,  61,  63, 

64,  92,  111,  126,  128, 
134,  139,  145,  177,  311. 
442,  484 

  icteroides,  486 

 lactis  aerogeues,  62 

 saponacei,  136 

  leprae,  500 

  mycoides,  12 

  paratyphosus.  111 

  pestis,  490 

  pnemnonise,  451 

  suipestifer.  111 

 tetani,  176 

 toxins  of,  364 

  tuberculosis,  112 

  typhosus,  63,  92 

 toxins  of,  364 

Bacli-to-bacli  houses,  189 

 effect  of.  on  death-rate, 

189 

Bacteria  and  disease,  355 

  cultivation  of,  359 

  in  air,  6,  11 

 in  excreta,  7 

 in  mUk,  134 

  in  sewage,  61,  310 

 in  soil,  174 

  in  sputum,  7 

  in  water,  59,  92 

  pathogenic,  63 

■         {see  also  Micro-organisms) 

Bacterial  infection,  110 

  treatment  of  sewage,  319 

Bacteriological    examination  for 
diphtheria,  244 

 of  miXk,  139 

  of  water,  63,  90 

  laboratories,  567 

Bakehouses,  656 

Baldng-powders,  158 

Balantidium  coli,  504 

Ballard  on  diarrhceal  mortality.  438 

Barff  iron.  76 

Barley,  160 

 starcli,  162 

Barometers,  aneroid.  29 
 glycerine.  28 
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Barometers,  mercurial,  26 

  water,  28 

Barracks,  668 
Bean  starch,  162 
Beaufort's  scale,  35 
Beer,  163 

  ai'senic  iii,  165 

Beggiatoa,  71 

Bell  trap,  287 

Beri-beri,  505 

Berkefeld  filter,  53 

Beverley,  enteric  fever  at,  425 

BUharzia  dysenterise,  504 

  hsematobia,  340 

BilioiLs  typhoid,  496 
Bird's  process,  314 
Bu-th-rates,  706,  731 

 as  affecting  deatli-rates,  709 

  retm-ns,  563 

Births  and  Deaths  Eegistration  Act 
(1874),  562,  705 

 illegitimate,  706 

  male  and  female,  705 

  notification  of,  642 

  seasonal  cm-ve  of,  706 

Bischof's  filter,  52 
Black  leg,  357 

  water  fever,  505 

Black-ash  process,  315 

Blair's  oxygen  process,  87 

Blind  chilch-en,  schools  for,  218,  259 

Bloxam's  method,  729 

Boiling  of  water,  51 

Borax  as  antiseptic,  543 

Boric  acid  as  antiseptic,  543 

 as  disinfectant,  535 

Borough  Councils,  576 
Bothi-iocephalus  latus,  339 
Bovine  diphtheria,  supposed,  141 

  tuberculin,  459 

  tuberculosis,  139,  463 

Boyle  and  Marriotte's  law,  5 
Boyle's  valves,  202 
Bradford,  small-pox  at,  376 
Brandy,  adulteration  of,  167 
Brassfounders"  ague,  661 
Bread,  158 

  adulterations  of,  158 

  composition  of,  101,  159 

  examination  of,  159 

Brick,  permeability  of,  183 
Bricks,  perforated,  as  ventilators, 
201 

Bristol,  sewers  at,  307 

Broad  irrigation,  316 

Bromine,  disinfection  by,  535 

Brood  capsules,  339 

Bubonic  plague,  488 

Buchan  and  Mitchell's  mctlinil  729 

Building  Act  (London).  188 

2  V 


Building  materials,  183 

 sites,  179 

Buildings,  183 

  bye-laws  as  to,  678,  685 

  dangerous,  584 

  new,  583,  590,  678 

— — ■  obstructive,  606 

 ventilation  of,  191 

Burdwan  fever,  506 
Bmial  Act,  330,  331 

 ■  grounds,  325 

  air  of,  327 

 bye-laws  as  to,  678,  697 

 closure  of,  329,  330 

 —  disused,  329 

 effect  of,  upon  health, 

326,  327 

 L.G.B.  Memo,  as  to,  328, 

330 

 pollution  of  water  by,  327 

 position  of,  326 

 S.A.  to  provide,  329 

 soil  of,  325 

 power   to   provide   for  and 

enforce,  595 
Butter,  151 

 adulteration  of,  152 

  and  disease,  153 

  and  Margarine  Act  (1907),  619 

  composition  of,  101,  152 

  regulations  for  sale  of,  153 

Butyi-ic  acid  fermentation,  135 
Buys-Ballot's  law,  31 
Bye-laws,  589,  676 

  Annotated  Model,  680 

  copy  of,  in  common  lodging- 
houses,  684 

  for  m-ban  and  rm-ai  districts, 

565,  589 

  L.C.C.  and,  637 

  S.A.  and,  638,  676 

  Model,  680 

  {see  also  separate  subjects) 

Csemu'us  cerebralis,  108 
Caisson  disease,  5 

 symptoms  of,  6 

Calcium  salts  in  water,  66,  71,  79 
Calculi,  lu-inary,  80,  94 
Calf  vaccination,  390,  391 
Calmette's  reaction,  459 
Calorie,  99 
Calorigen  stove,  210 
Cambridge,  enteric  fever  at,  425 
Campbell-Stokes"  sunshine  recorder 
20 

Camps,  668 

  latrines  at,  669 

Canal  Boats  Act  (1877),  622 
 (1884),  625 
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Cancer.  358 

■         mortality,  710 

Carbohydrates,  97 

Carbolic  acid  as  deodorant,  544 

•  •  as  disinfectant,  535 

  oil,  535 

Carbon  filters,  52 
Carbonates  in  water,  67 
Carbonic  acid  in  air,  2,  12,  192 

 in  soil.  173 

• — —          in  water,  64 

 oxide  in  air,  3,  15,  209 

Carferal  filter.  52 

Carrots,  composition  of.  101 

Casein,  130 

Casella's  pocket  anemometer,  34 
Caterliam,  enteric  fever  at,  425,  432 
Cattle  in  dairies,  inspection  of,  629 
Causes  of  death,  classification  of, 

709,  719.  730.  732.  733 
Cellar  dwellings,  574,  634 
Cement,  83 

Cemeteries  {see  Bmial  grounds) 
Census.  565.  703 
Ceratophyllus  fasciatus,  491 
Cerebro-spinal  fever,  446 

 compulsory  notification 

of  (temporary),  509 

 infection  of,  447 

 mUd  forms  of,  447 

 meningitis,      epidemic  (see 

Cerebro-spinal  fever) 
Cesspools,  311,  681,  690 

  school,  227 

Cestoda.  337 
Chalk,  181 
  soils,  181 

  water  from,  67.  68,  181 

Chamberland's  filter,  56 
Charcoal  filters,  52 
Charles's  law,  5 
Cheese.  154 

  adulterations.  155 

  composition  of,  101.  155 

Cliemical  composition  of  food  sub- 
stances, 101 

  disinfection,  535 

  purification  of  water.  51 

Chicken-pox,  395 

 and  schools.  248 

  compulsory    notification  of 

(temporary),  509 

Childi-en  Act  (1908).  643 

 and  intoxicating  liquors,  644 

 -in  factories.  574 

•  •  prevention  of  cruelty  to,  643, 

664 

 verminous,  cleansing  of,  644 

 (see  also  Schools) 

Chill,  449 


Chittenden  on  dietary,  100 
Chloride  of  lime  as  disinfectant,  535 
Chlorides  in  water,  66 

 tests  for.  66 

Chlorine  as  deodorant.  543 

 as  disinfectant,  535.  538 

Cholera.  477 

 bacUlus,  92,  482 

 toxins  of,  365 

 climate  and,  478 

 compulsory  notification  of,  478 

 gromid  water  and.  178,  479 

 in  England.  477 

 infected  ships  and.  524 

 insanitation  and.  481 

 locality  and,  480 

 noilk  and,  141 

 nostras,  484 

 race  and,  481 

 rainfall  and,  479 

 regulations,  524 

 season  and.  478 

 soil  and.  479 

— —  temperature  and.  478 

 water  and.  94.  480 

"Cholera-red  reaction,"  482 
Cliylm-ia,  345 

Cisterns,  house,  50,  574.  695 

 separate,  for  closets,  293 

Clarine  process,  315 
Clark's  process,  51 
Claviceps  pm'pm-ea,  160 
Clay  sites,  180.  181 
 slate.  181 

Cleansing  of  common  passages,  591 

 of  houses,  compulsory.  573 

 of  Persons  Act  (1897),  638 

 of  slaughter-houses.  692 

 of  verminous  children.  644 

Climate,  37 

Cloak-rooms  of  factories,  654 

 of  schools,  222 

Closets,  ash,  298 

 bye-laws  as  to,  681 

 conmion    to    two    or  more 

houses,  589 

 earth,  225,  298,  300,  681,  689 

 flush.  223.  292 

 for   common  lodging-houses, 

682 

 for  factories.  572 

 for  hop-pickers,  701 

 for  liouses,  compulsory.  572, 633 

 for  schools,  223 

 for  tenement  houses,  number 

required,  695 

 pail.  225.  298.  300.  301 

 revolver,  296 

 S.A.  responsible  for  super- 
vision of,  572 
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Closets,  trough,  223,  294 

 water,  224,  291,  688 

Closm-e  of  houses  luiflt  for  habi- 
tation, 605,  691 

 of  poUuted  wells  or  cisterns, 

574 

 of  schools,  229 

 of  vaults,  697 

Coal  gas,  carbonic  oxide  in,  3 
Coccidia,  335 

 oviforme,  335 

Cockles,  poisoning  by,  124,  128 

Coffins,  327 

Colm's  solution,  860 

Coke,  209 

Cols,  30 

Combination  of  sanitary  districts, 
585 

Combustion,  10 

 ^  process,  Frankland's,  83 

"  Comma  "  bacillus,  482 
C'onunittees,  powers  of,  585 
Common  lodging-houses,  216,  575, 
591 

 bye-laws  regarding,  677, 

682 

 •  cleanliness  of, 

682 

 passages,  cleansing  of,  591 

Comparative   mortality,  707,  711 
723 

Compo  for  walls,  183 
Compressed-air  illness,  5 
Compulsory  detention  in  hospital 
596 

 disinfection,  581,  594 

 notification  of  infectious  dis- 
eases, 508, 
636 

advantages  of, 
510 

 removal  to  hospital,  581 

Concrete,  183 
Condensed  milk,  150 
Conder's  process,  313,  315 
Conduits,  water,  49 
Connecticut,  enteric  fever  at,  428 
Constant  water  supply,  49 
Consumption  {see  Phtliisis) 
Contact  bed,  319 
Contagious  diseases,  348 
Container  closet,  293 
Contamination  of  air,  6,  11 

 of  water  by  lead, '73 

 by  organic  matter,  40 

Continued  fever,  compulsory  noti- 
fication of,  509 

~-  shnple,  435 

(Joutributory  place,  580 
Cooking  of  meat.  118 


Copper  salts  in  water,  78 

 ■           test  for,  78 

Cornices,  ventilating,  201 
Corrected  death-rates,  608,  614 
Cotton  clothing,  529,  530 
Cough-spray,  461 

Coimty  authorities  and  regulation 
of  dog-muzzling,  470 

—  Councils,  545,  600,  60a,  607, 
621,  635,  636,  647,  664,  679 

 Medical    Officer    of  Health, 

duties  of,  553 

Cowkeeper,  defliiition  of,  628 

Cow-pox,  390 

Cowshed,  definition  of,  628 

 (see  also  under  Dairies) 

Cream,  129 
Cremation,  331 
 Act,  332 

 L.G.B.  Memo,  as  to,  332 

Crematoriimi,  position  of,  332 
Creolin,  536 
Cretinism,  94 

Cross- ventilation  in  schools,  220 
Croup,  418 

 compulsory  notification  of,  508 

 -mortality  of,  418 

Cruelty  to  children,  prevention  of 

643.  664 
Cubic  space,  195 

 and  mortality,  197 

 in  barracks,  668 

 in  canal  boats,  624 

 in     common  lodging- 
houses,  682 

 in  cowsheds,  628,  630 

 in  factories,  649 

 in  hospitals,  265 

 in  schools,  218 

 in  sleeping-rooms,  196 

in  tenement  houses,  694 

Culex,  496 

Cultivation  of  microbes,  359 
Cupric  sulphate  as  deodorant,  544 
Customs  and  Inland  Revenue  Act 

(1890),  677 
Cutaneous  reaction,  459 
Cyclones,  30 
Cyllin,  536 
Cysticercus,  115 

 bovis,  338 

 cellulosse,  338 

-^tseniae  mediocauellata;,  338 

D-trap,  288,  292 

Dairies,  cowsheds,  and  milksliops, 
orders,  625 

  cleansing,  629.  631 

cubic  space  in,  628. 
630 
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Dairies,  cowsheds,  and  raillcsliops, 
drainage  of,  630, 
631 

 infections  diseases 

in,  632 

 lighting    of,  629, 

631 

 registration  of,  625 

 regulations  respect- 
ing, 625,  628 

 •         swine  in,  627 

 ventilation  of,  629, 

631 

 water    supply  of, 

630,  631 
Damp  aud  disease,  177 

 course,  183.  686 

 exclusion  of,  184 

 soil,  172 

Dangerous  buildings,  584 
Darnell's  hygrometer,  21 
Darnel  grass,  160 
De  Chamnont's  formula  for  venti- 
lation, 204 
De  Moivre's  hypothesis,  716 
De  novo  hypothesis,  349 
Dead,  disposal  of,  325 
Deif  children,  schools  for,  218,  259 
Death,  causes  of,  709.  732,  733 
 retvu'ns.  562 

Death-rates.   706.   730.   731.  732, 
733.  734 

 and    density    of  population, 

197,  435,  708 
 at  ages,  707,  711,  714,  722, 

730,  731,  732,  733,  734 

 calculation  of,  706 

 cancer,  710 

 corrected,  707,  712 

 in  back-to-back  houses,  189 

 influenced  by  birth-rates,  709 

 progressive  changes  in,  620,  709 

 seasonal  curves  of,  721 

 sex  and,  708,  710.  730,  731. 

733.  734 

 standard.  707 

 m-bau  aud  rural.  708,  730 

 zymotic,  710,  712 

Deaths  at  all  ages,  statistics,  730 

 daily  average  of,  325 

 from   all   causes,  statistical 

table,  732.  733 

 registration  of.  706 

D3composition  organisms  i7i  soil,  174 
Default  of  S.A..  procedure  in  case 

of,  586.  637 
Defective  children,  schools  for,  218 

259 
Dengue,  506 

Demolition  of  illicit  works.  691 


Denitriflcation  organisms  in  soil.  174 
DeiLsity  of  population  a«  affecting 
mortality,  197,  435,  708 
I   Deodorants,  543 
Desks  in  schools,  221 

 types  of,  221 

Destructors,  302 

Dew-point  of  temperature,  21,  23 
Diarrhoea,  epidemic,  435 

 •  age  and,  439 

  Ijacteriology  of,  442 

 density    of  population 

and,  435 

 earth  temperatures  and, 

437,  438 

 food  and,  439 

 foul-air  and,  437 

 lack  of  cleanliness  and, 

438 

 of  ventUation  and, 

437 

 locality  and,  441 

 maternal  neglect  and,  439 

 meat-poisoning  and,  108 

 milk  and,  144,  441.  442 

 mortality  of.  435 

 outbreaks  of  in  public 

institutions,  441 

 oysters  and,  125 

 rainfall  and,  438 

 season  aud,  440 

 sex  and,  440 

 social  position  and,  439 

 soil  and,  437 

 temperature  and,  437 

 water  and,  93.  437,  441 

 wind  aud,  438 

Dibden's  treatment  of  sewage,  320 
Diet,  animal,  104 

 disease  and.  104 

 essentials  of,  96 

 vegetable,  104 

Dietaries,  98,  168 

 calculation  of,  100 

Dines*  hygrometer,  22 

 pressm'c  anemometer,  33 

Diphtheria,  408 

  age  and,  412 

 air  and,  411 

 aud  schools,  244,  413 

 animals  and,  411 

 antitoxin  treatment  of,  416 

 bacteriology  of,  414 

 bovine,  supposed,  141 

 compulsory  notification  of,  508 

 incubation  of,  412 

 locality  and,  410 

 milk  aud,  141,  411 

 mortality  of.  40!).  721 

I   prevention  of,  414 
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Diphtheria,  season  and,  409 

■  -sewev  gas  and,  411 

 sex  and,  412 

 virus  of,  413 

 water  and,  411 

Diplococci,  355 

Diplococcus  meningitidis  intracelhi- 

laris,  447 
Disconnexion  cliamber,  283 

 from  drain,  283,  688 

 from  sewer,  283 

 of  waste-pipes,  287 

Disease  maps,  518 

Diseases    common    to   man  and 

lower  animals,  351 
— —  concm-rence  of,  353 

 contagious,  348 

 course  of,  352 

 endemic,  350 

 epidemic,  350 

■  for  wMcli  schools  must  be 

closed,  229 

 in  army,  prevention  of,  671 

 infectious,  347,  680 

 hospitals  for,  267 

 in  schools,  action  to  be 

taken  in,  238 

 inoculable,  348 

 malarial,  492 

 non-notifiable,  information  as 

to,  237 

 notifiable,  information  as  to, 

234 

 as  to  missed  cases 

of,  234 

 notification  of,  508 

 of  doubtful  natiue,  information 

as  to,  237 

 pandemic,  350 

 specific,  347,  374 

 protection  in,  365 

 telluric,  177 

 tropical,  477 

Disinfecting    apparatus,    S.A.  to 

provide,  636 
Dismfection,  527,  636 

■  by  air  and  simlight,  527 

■  by  heat,  528 

 by  hot  air,  533 

 by  steam,  531 

 chemical,  535 

 compulsory,  581,  594,  636 

 in  ships,  675 

 of  rooms,  522,  538 

■        of  sick-rooms,  520 

 satisfactory,  535 

 so-called,  541 

 standardization  of,  541 

Disposal  of  aslies  and  household 

refuse.  279.  302,  572,  690,  596,  686 


Disposal  of  sewage,  311,  621 

 of  the  dead,  325 

 of  trade  refuse,  302,  621,  693. 

700 

Distillation  of  water,  50 
Distoma  hepaticum,  108,  340 
Distribution  of  water,  49 
District  Coimcils,  602 
Districts,  vuiion  of,  for  sanitary 

pm-poses,  586 
Disused  Bm-ial  Grormds  Act,  331 
Dochmius  duodenalis,  341 
Doecker  lints,  274 
Dog-muzzling  for  rabies,  470 
Dolcoath  anaemia,  343 
Dolomite  {see  Magnesian  limestone) 
Domestic  factories  and  workshops, 

646 

Drainage,  172,  279 

 and  disease,  177-9 

 bye-laws  as  to,  590,  686,  700 

 compulsory,  for  every  house, 

571 

 districts,  special,  586 

 effluvia  (see  Sewer  gas) 

 of  cowsheds,  630 

 of  slaughter-houses,  692 

 of  subsoil,  172,  286 

Drains,  construction  of,  280,  687 

 definition  of,  596 

 •  dimensions  of,  281 

 disconnexion  of,  282,  688 

•  rain-water  system  of,  286 

 school,  224 

 testing  of,  290 

 trapping  of,  687 

 ventilation  of,  283,  687 

 waste-water  system  of,  286 

 water-closet  system  of,  291 

Draught,  velocity  of,  203 
Dry  heat,  disinfection  by,  533 
 rot,  186 

 systems  of  excreta  disposal,  297 

Ducat's  treatment  of  sewage  bac- 
teria, 320 
Ducker  huts,  274 
Diunb-wells,  311 

Dm-ation   of  life,  probable,  714, 
734 

Durham,  infant  mortality  at,  713 
Dust,  9 

 •  and  disease,  6 

Dwelling-houses,  sites  of,  183 

 ventilation  of,  191,  686,  696 

Dysentery,  504 

 asylum,  505 

 endemic,  504 

 epidemic,  504 

 verminous.  505 

 water  and,  93 
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Earth  burial,  277 

 closets,  298,  300,  081,  089 

 —  in  schools,  225 

 temperatures,  19.  170 

 thermometers,  170 

 (see  also  Soil) 

Eaves-gutters,  584 
Eberth-GaflFky  bacillus,  433 
Education,  Elementary  (Blind  and 

Deaf    Childi-en),  Act 

(1893),  258 
 (Defective  and  Epileptic 

Children),  Act  (1899), 

259 

 (Provision  of  Meals)  Act  (1906), 

260 

Effluents,  sewage,  304 

 trade,  41,  304,  323,  620 

Eggs,  156 

 composition  of,  101 

 preservation  of,  156 

 tests  for,  156 

Egyptian  chlorosis,  343 

lilu-lich's  side-chain  protection 
theory,  369 

Electric  anemometer,  34 

Electrolytic  process,  315 

Elementary  Education  (see  Educa- 
tion) 

Elephantiasis,  346 

 arabimi,  346 

 grsecorimi,  497 

Employment  of  Childi-enAct  (1903), 
664 

Endemic  diseases,  350 

 dysentery,  504 

English  life  table,  734 
Entamceba,  334 

 histolytica,  334 

Enteric  fever,  422 

—  age  and,  430 

 •  •  air  and,  424 

 and  schools,  250 

 at  Beverley,  425 

 at  Cambridge,  425 

 at  Caterham,  425,  432 

 at  Connecticut,  428 

 at  Guildford,  425,  432 

 •          at  Hitchin,  425 

 at  Houghton-le-Spring, 

425 

 at  King's  Lynn,  425 

 at  Leipsic,  117 

 at  Lincoln,    425,  426, 

432 

 at  Maidstone,  425,  426 

 at  Munich,  117,  424 

 at  Eedliill,  425 

 at  Southampton,  428 

 at  Strasburg,  432 


Enteric  fever  at  Uxbridge,  425 

 at  Wincliester,  428 

 at  Worthing,  425 

 bacillus  of,  433 

 "  earners  "  of,  431 

 compulsory  notification 

of,  508 

 flies  and,  429 

 food  and,  427 

 ground-water   and,  77, 

424 

 infection  of,  431 

 •         locality  and,  430 

 milk  and,  141,  427 

 mortality  of,  422,  721 

 oysters  and,  124,  428 

 season  and,  426 

 sewer-gas  and,  428 

 sex  and,  430 

 soil  and,  423 

 •         water  and,  94,  422 

Entry  upon  private  premises,  578 
Epidemic  diseases,  350 
— —  dysentery,  504 

 variation  in  type  of,  353 

Epidemics,  milk,  141,  594 

 characteristics  of,  145 

 water,  94,  422.  480 

EpUeptic  children,  schools  for,  218, 
259 

Equifex  disiufector,  532 
Ergot  in  flour,  157 

 in  rye,  160 

Error,  maximimi,  727 

 mean,  727 

 of  mean  square,  728 

 possible,  727 

 probable,  727 

Erysipelas,  419 

 compulsory  notification  of,  508 

Esmarch"s  method  of  disinfection, 
528 

Essential  oils  as  antiseptics,  543 

 as  deodorants,  544 

Evaporation,  25 

 from  leaves,  169 

Exanthemata,  352 

Excreta,  amount  of,  310 

 destination  of,  298 

 disposal  of,  291,  297 

 removal  of,  297,  572 

 difi'erent  systems  of,  com- 
pared, 299 

 economic  advantages  of 

different  systems  com- 
pared, 301 

 hygienic  advantages  of 

different  systems  com- 
pared, 299 

 value  of.  310 
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Exhaustion  theory  of  protection,  306 
Exlmmation,  effect  of,  on  health, 

326,  327 
Expectation  of  life,  718,  734 
Expired  air,  composition  of,  9 
 volume  of,  192 

Factories,  645 

 accidents  in,  662 

 age  restrictions  in,  662 

 ak-space  in,  649 

 cleanliness  in,  648 

 definition  of,  645 

 domestic,  646 

 employment    of    women  in, 

after  child-birth,  662 

 fire  escape  from,  655,  701 

 floors  of,  652 

 hmnidity  of  air  in,  652 

 lighting  of.  652 

— —  non-textile,  hours  of  employ- 
ment for  women  and  young 
persons  in,  662 

 safety  precautions  in,  661 

 sanitary   accommodation  of, 

589,  653 

 temperature  of,  651 

 tenement,  646 

 textile,  hom-s  of  employment 

01  women  and  yomig  persons 
in,  662 

 ventilation  of,  576,  649 

Factory  and  Workshop  Acts  (1901 
and  1907),  645,  653 

 Inspectors,  645,  647 

Facultative  anaerobes,  360 

 parasites,  358 

Fairs,  bye-laws  as  to,  678 
Famine  fever,  496 
Farcy,  470 
Fat  as  food,  97 

 composition  of,  116 

 in  butter,  152 

 in  milk,  129,  138 

Fermentation  of  milk,  134 
Fero-zone,  315 
Ferrometer,  315 

Ferrous  sulphate  as  deodorant,  544 

 as  disinfectant,  535 

Ferruginous  water,  73 
Fever,  black-water,  505 

 Burdwan,  506 

 cerebro-spinal,  446 

 enteric  {see  Enteric  fever) 

 famine,  496 

 intermittent,  492 

 Malta,  502 

 Mediterranean,  502 

 puerperal  {see  Puerperal  fever) 

 relapsing,  496 


Fever,  remittent,  492 

 scarlet  {see  Scarlet  fever) 

 simple  continued,  435 

 splenic  {see  Antluax) 

  typhoid  {see  Enteric  fever) 

•  typhus  {see  Typlms  fever) 

 yellow  {see  Yellow  fever) 

Filaria,  345 

  bancrofti,  345 

 medinensis   vel  dracunculus, 

346 

 noctm-na,  345 

Filter-beds,  53 
Filters,  52 

Filth-conditions  and  disease,  94, 178, 
351,  414,  425,  437,  459,  481,  488, 
506 

Filtration  of  milk,  150 

 of  sewage,  315 

 •  ■  intermittent,  316 

 of  water,  51 

Filtre  rapide,  52 

Fire,  means  of  escape  from,  in 
factories  and  workshops,  655, 
679,  701 

Fires,  gas,  209 

 open,  208 

Fish,  123 

 and  disease,  123 

 composition  of,  101 

 preservation  of,  123 

Fission  fungi,  355 
Flagellates,  336 
Floor  of  factories,  652 
Flom-,  157 

— —  adulterations  of,  157 

 composition  of,  101,  157 

Flukes,  340 
Flush  closets,  292 

 in  schools,  223 

 tanks,  289 

Flushing  of  closets,  292 

 of  drains,  289 

 of  sewers,  305 

Fogs,  cause  of,  21 
Pomites,  541 
Food,  96 

 and  disease,  104,  439 

 and  Drugs  Acts,  614,  617 

 and  health,  167 

 carbohydi'ate,  97 

 classification  of,  96 

 composition  of,  101 

 fatty,  97 

 nitrogenous,  96 

 salts  as,  98 

— -unsound,  seizure  of,  121,  580, 
591 

 water  as,  98 

Foot-and-mouth  disease,  140 
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ro)'l)es  and  Price's  process,  314 
Forchaniiner's  oxygei\  i)rocess,  85 
Forecasts,  weather,  32 
Fore-iTulk,  129,  130 
Formic  aldeliyde  vapour  as  disin- 
fectant, 539 
Fortin's  barometer,  20 
Fosse  mobile,  290 

 permanente,  290 

Foul  air  and  disease,  194 
Fowler  o)i  contact  beds,  321 
Franldand's  combastion  process,  83 

 filtration  process,  12 

Friedlander's  pneumobacillus,  450 
Fruit-pickers,  bye-laws  as  to,  677 
Fulham  hospital  and  small-pox,  375 
Fumigation,  538 

Gametocytes,  494 
Garget,  140 
Gas  fires,  209 

 lighting,  193 

 wasliiugs,  574 

Gases  in  air,  1 

 in  sewers,  305 

 in  soil,  172 

 in  water,  64 

Gastric    catarrli    (see  Diarrhoea, 

epidemic) 
Gastro-enteritis      {see  Diarrhoea, 

epidemic) 
Gelatin  as  food,  96 
General  Powers  Act  (see  London 

Coiuity  Council) 
Geological  formations,  181 
Geometric  mean,  725 
Germ  theory  of  disease,  353 
German  measles  (see  Rotheln) 
Glaislier"s  tables,  24 
Glamorgan,  infant  mortality  at,  713 
Glanders,  470 

Glasgow,  small-pox  at,  376 
Glossina  palpal  is,  336,  503 
<Tloucester,  small-pox  at,  375 
Gluten  in  flour,  157 
Glycerinated  calf  lymph,  373,  391 
Glycerine  barometer,  28 
Goddard,    Massey,    and  Warner's 

disinfector,  532 
Goitre,  80,  94 
Golgi,  cycle  of,  494 
Gordon's  process,  12 
Goux  closets,  298 
Graham's  law,  5 
Granite,  permeability  of,  173 

 sites,  181 

 water  from,  181 

Grauulose,  161 
Gravel  sites,  181 

 water  from,  181  ) 


Graves,  325,  326,  327,  097 
Graveyards  (see  Binial  groimds) 
Grease  trap,  288 
Greenwich  factors,  24 
Gregarines,  335 
Ground  air.  172 

 exclusion  of,  from  houses. 

182 

 water.  171 

 and  disease,  117-9 

"Guano,  native,"  314 

Guildford,  enteric  fever  at,  425,  432 

Guinea-worm,  346 

Gullies,  286,  287 

Gyumamcebaj,  334 

Hsemamoeba,  494 
Hsematuria,  intermittent,  340 
Hsemocytozoa,  494 
Haemosporidia,  335 
HafTkine's  cholera  vaccine,  483 

 plague  vaccine,  490 

Haldane's  method,  14 
Halibut,  poisoning  by.  123 
Handicraft  classes  for  schools,  218 
Haptophorous  element  of  toxins,  369 
Hardness  of  water,  78 

 disadvantages  of.  80 

 permanent,  79 

 temporary,  79 

 tests  for,  79 

Harmonic  mean,  725 
Health  affected  by  articles  of  food, 
167 

 of    communities,  statistical 

evidence  of,  712 
Heat,  dismfectiou  by,  528 
Heating  by  fires.  208,  209 

 by  pipes,  211 

 by  stoves,  210 

■  of  hospitals,  265 

 of  schools,  221 

Height  of  rooms,  588 

Hendon  disease,  142 

Hereford,  infant  mortality  at,  713 

Hermite  process,  315 

Herpetomonas,  506 

Hesse's  process,  12 

Hille's  process,  314 

Hitchin,  enteric  fever  at,  425 

Home  isolation,  519 

 work,  658 

 Order  (1911).  658 

Hooke's  anemometer,  32 
Hopper  closets,  291,  292 
Hop-pickers,  bye-laws  as  to,  677, 
701 

 closet  accommodation  for,  701 

 cooldng-places  for,  701 

 premises  of,  701 
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Hop-pickers,  premises  of,  area  of, 
701 

 bedding  in,  701 

 cleansing  of,  701 

 condition  of,  701 

 water  supply  of,  701 

Horseflesli,  115 

 sale  of.  Act  to  regulate,  620 

Hospitals,  264 

 arrangement  of  beds  in,  265 

 compulsory  removal  to,  271,581 

 construction  of,  264,  597 

•  cost  of,  274,  598 

 cubic  space  in,  265 

 detention  in,  596 

 district,  597 

 effect  of  isolation  in,  276 

 essential  parts  of,  265 

 fioor  space  in,  265 

 for  infectious   diseases,  267, 

516.  683 

 for  small-pox,  267 

 heating  of,  265 

 isolation,  267,  268,  518,  597 

•  military,  672 

 number  of  beds  in,  271 

 permanent  and  temporary,  274, 

275 

 site  of,  264 

 ventilation  of,  265 

 walls  of,  265 

 wards  of,  264 

Hot  air,  disinfection  by,  533 

 warming  by,  211 

Houghton-le-Spring,  enteric  fever 
at,  425 

House  cleansing,  573 

 drainage,  571 

Household  eiBuents,  303 

 refuse,  removal  of,  279,  297, 

302,  572,  590,  681 

 test  for  carbonic  acid,  14 

Houses,  back-to-back,  189 

  construction  of,  183,  188,  685 

  bye-laws  as  to,  678,  685 

 inspection  of,  213,  691 

 interior  of,  190 

■  let  in  lodgings,  bye-laws  re- 
garding, 215,  575,  677,  694 

 {see  also  Tenement  houses) 

 miflt  for  habitation,  578,  605, 

691 

Housing  of  the  Working  Classes  Act 
(1885),  603 

 (1890),  604, 

610 

■  (1900).  608 

 (1903),  609 

 Town    Planning,    etc..  Act 

(1909).  190.  610 


Houston,  test  of,  for  B.  coli,  04 
Hmnidity  of  air,  20 

 in  factories,  652 

 relative,  24 

— —  of  soil,  160 
Hydatids,  339 
Hydrants,  49 

Hydraulic  mean  depth,  309 
Hydrochloric  acid  as  deodorant,  544 
Hydrophobia  (see  Rabies) 
Hygiene,  military,  666,  671 

 naval,  673 

 school  {see  Schools) 

 teaching  of,  in  schools,  252, 

260,  466 
Hygrometers,  21 

Ice-cream  and  infection,  148 
Illicit  works,  demolition  of,  691 
Immunity  from  specific  diseases. 
366.  370 

 acquired,  371 

 active,  371 

•  artificial,  371 

 natural,  371 

 passive,  371 

 tlierapeutics  of,  372 

Impetigo  in  schools.  250 
Importation  of  Dogs  Order  (1892). 
470 

Improvement  schemes.  604 
Impurities  of  air.  6.  11 

 of  soil,  173 

 of  water,  58,  327 

Inanition,  105 
Incubation  of  disease,  353 
Indian  meal  {see  Maize) 
Industrial  poisoning,  659 
Infant  life  protection,  643 

 mortality,  709.  713,  733 

Iiifants'  milk  depots,  566 
Infected  ship,  official  deflnition  of, 
526 

 sliips,  regulations  as  to,  524 

Infection,  347 

 by  air,  278,  348,  375 

 by  food,  105,  439 

 by  milk,  139,  441,  462,  594,  632 

 by  rats,  491 

 by  water.  93,  348,  424,  437, 

441,  480 
Infectious  diseases,  347 

 and  schools.  229 

 death  from,  521 

 disease  maps  for,  518 

 disinfection  for,  520 

  form  of  inquiry  for,  516 

 liospitals  for,  267,  516, 

583 

 in  canal  boats,  623 
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Infections    diseases   in  common 
lodging  liouses,  G83 

 ill    inliabited    tents  or 

vans,  603 

 in  tenement  liouses,  696 

 inquiries  as  to,  516,  548 

 •         isolation  of,  518,  636 

 law  regarding,  580 

 Notification  Act,  508 

 Extension  Act,  508 

 precautions  as  to,  617 

 Prevention  Act,  593 

 prevention  of,  507 

 register  of  sickness  for, 

617 

 regulations  for,  515,  582 

 refuse,  596 

Influenza,  443 

 and  animals,  445 

 and  climate,  444 

—  and  season,  444 

 and  weather,  444 

 bacillus  of,  446 

 epidemics,  443 

 incubation  of,  445 

■  mortality  of,  445 

Infusoria,  334 

Inhabited  vans  and  tents,  577,  608 

 bye-laws  regarding, 

677 

Inoculation  of  disease,  348,  518,  636 

 of  leprosy,  499 

 of  small-pox,  371,  380 

 of  tuberculosis,  459 

 protective,  368,  362 

Inorganic  nitrogen,  68 
Insecta,  337 

Inspection  of  houses,  213,  691,  695 

 of  meat,  118 

 metliods  of,  119 

 of  school  cliildren,  medical, 

251,  255, 

266 

 provisions  for, 

263 

  of  slaughter-houses,  692 

Inspector  of  Nuisances  (see  Sanitary 

Inspectors) 
Inspectors,  Meat,  119 

■  of  Factories,  645,  647 

 Sanitary    (see    Sanitary  In- 
spectors) 

Interment,  power  to  provide  for 

and  enforce,  595 
Intermittent  fever,  492 

 filtration,  316 

 hsematm'ia,  340 

 water  supply,  49 

Intoxicating  liquors,  cliildren  and, 

644 


Iron  hospitals,  274 

 processes,  315 

 salts  in  water,  72 

 tests  for,  73 

 sulpliate  of,  as  disinfectant, 

535,  544 
Irrigation,  broad,  310 

 of  sewage,  311 

— — subsoil,  311 
Isobars,  30 

 straight,  31 

Isobels,  19 

Isolation  hospitals,  267,  268,  276. 
518,  697 

 Act  (1893),  597 

 (1901),  598 

 removal  to,  518,  595 

•  compulsory,  681 

Isonephs,  19 
Isotherms,  19 
Izal,  526 

Jeyes"  fluid,  536 

Joint  boards  for  sanitary  pOTposes, 
586 

Jordan's  barometer,  28 
 sunshine  recorder,  19 

Kaentz-Lloyd  formula,  18 
Kala-azar,  506 
Kepliir.  136 
Kemp's  tester,  291 
Kernig's  sign,  447 
Kew  barometer,  26 
KHmarnock,  smaU-pox  at,  383 
King's  Lynn,  enteric  fever  at,  426 
Kingzett's  tester,  291 
Kieldahl's  combustion  process,  85 
Klebs-Loffler  bacillus,  414 
ICnackers'  yards,  585 
Koch  and  bovine  tuberculosis,  463 
Koch's   experiments  with  cholera 
microbe,  483 

 filtration  process,  12 

Kovuniss,  136 

Lactalbmnin  in  milk,  130 
Lactic  acid  fermentation,  135 
Lacto-globulin  in  milk,  130 
Lactose  {see  aiUk-sugar) 
Land-filters  for  sewage,  316 
Lard,  156 

Latrines  in  camp,  669 
Laimdries,  656 
Lavatories  in  factories,  654 
Laveran's  bodies,  494 
Lead  in  water,  73 
Lead-poisoning,  77,  659 

 tests  for,  77 

Legumiuosffi,  100 
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Leipsic,  enteric  fever  at,  177 
Leprosy,  497 

 bacillus  of,  500 

 clinical  cliaj'acters  of,  499 

•  Commission  in  India,  report 

of,  501 

 fish  diet  and,  498 

•  general  conditions  of,  498 

 heredity  in,  499 

■  incubation  of,  500 

 inoculation  of,  499 

 isolation  of,  501 

 prevention  of,  501 

Liernm-'s  system,  297 
Life,    expectation    of,   715,  718, 
734 

Life- table,  English,  based  upon 
mortality  statistics,  1891-1900 
(Tatham),  734 

Life-tables,  715 

Lighting  of  cowsheds,  C29,  631 

 of  factories,  652 

 of  houses,  212 

— —  of  schools,  219 
Lime  salts  in  water,  71 

 test  for,  72 

 treatment  of  sewage  by,  314, 

315 

Lime-juice,  106 
Limestone,  66,  67,  181,  183 
Lincoln,  enteric  fever  at,  425,  426, 
432 

—  pseudo-scarlet  fever  at,  140 
Linen  clothing,  529,  530 
Lingner's  disinfector,  540 
Living  organisms  in  water,  58 
Local  Education  Authorities  and 
medical  treat- 
ment of  school 
children,  257 
 (Medical  Treat- 
ment) Act  (1909), 
258 

 Government  Act  (1888),  546, 

600,  621 

 (1894),  571,  601 

 —  Board  Dairies  Order,  625 

 Memoranda  regard- 
ing ceme- 
teries, 326 
 ■  ■  ■  regarding  mor- 
tuaries, 698 

 regarduigschool 

closure,  229 

 regarding  school 

drainage, 
224 

~  regarding 

slaughter- 
houses, 693 


Local  Government  Board  Memo- 
randa regarding 
water  supply,  94 

 Orders  relating  to 

M.O.H.,  546,  548, 
552,  553,  556, 
562,  563 

 regulations    as  to 

canal  boats, 
624 

 as  to  cholerai 

524 

 as  to  epidemic 

diseases, 524, 
582 

 as  to  infectious 

diseases,515, 
582 

 ■           as  to  plague, 

524 

 as  to  yellow 

fever,  524 

 special   report  of, 

on  sanatoria,  468 
Lodgers,  number  of,  in  common 

lodging-house,  682 
Lodging-houses,  common,  216,  575, 
591,  677,  682 

 for  seamen,  bye-laws,  677 

  for  the  working  class,  608 

Lodgings,  houses  let  in,  575,  677,  694 

(see  also  Tenement  houses) 
Lolium  teniulentmn,  160 
London  Building  Act  (1894),  188., 
638 

•  Comity  Coimcil  (General  Pow- 
ers) Act  (1907), 
259,  643 

 and  bye-laws,  637 

 Public  Health  Act,  633 

 small-pox  in,  385 

Lowcock's  treatment  of  sewage 
bacteria,  320 

Lysol,  536 

McKinnell's  ventilator,  202 
Macrogametocyte,  494 
Made  soil,  173,  180 
Magnesia  salts  in  water,  72 

 tests  for,  72 

Magnesian  limestone,  72,  80,  181 
Maidstone,  enteric  fever  at,  425,  426 
Maignen's  flltre  rapide,  52 
Mains,  water,  49 
Maize,  160 

 composition  of,  101 

 starch,  162 

Malaria,  178,  492 

 etiology  of,  494 

 general  conditions  of,  492 
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Malt  liauors,  164 
Malta  fever,  502 

Manchester,  sewage  treatment  at, 
321 

Manholes,  283,  304 
Manufactories,  effluents  from,  41. 

304,  620 
Manurial  value  of  sewage,  310 
Maps,  564 
 disease,  518 

Maragliauo's  antituberculous  serum, 
459 

Margarine,  153 

 Act  (1887),  619 

 (1907),  619 

Markets,  bye-laws  as  to,  678 
Marmorek's  antituberculous  serum, 
459 

Marsh  gas  in  air,  3 

■  in  water,  65 

Marsli-Berzelius  test,  166 
Mastitis,  140 

 suppurative,  144 

Maximum  thermometer,  17 
Mean  after-lifetime,  715 

  age  at  death,  714 

 dm-atiou  of  life,  715 

 error,  727 

Means  and  averages,  724 

 arithmetic,  725 

 geometric,  725 

 harmonic,  725 

 quadratic,  725 

 successive,  727 

•Measles,  396 

 and  scarlet   fever  compared, 

398 

•  and  schools,  246 

 characteristics  of,  246 

 compulsory  notification  of,  512 

 German  {see  Eiitheln) 

 infection  of,  598 

 inoculation  of,  397 

 mortality  of,  399,  721 

•  registers,  399 

•  in  swine,  338 

Meat,  106 

 and  disease,  107 

 composition  of,  101,  115 

 good,  characters  of,  115 

 inspection  of,  118 

 nutritive  value  of,  106 

 parasites  in,  108,  111,  115 

 poisoning,  108 

 preservation  of,  116 

 tuberculous,  112 

 • — —  seizure  of,  113 

 miwholesome,  classification  of, 

121 

 seizure  of.  121,  580 


Mechanical  Impurities  in  air,  86 

 ventilation,  205.  207 

■  work  done  by  food,  103 

Medical  inspection  of  school  chil- 
dren. 251, 
255,  250. 
466,  559 

 provision  for, 

253 

 Officer  of  Health,  545 

 and  auxiliary  agen- 
cies. 566 

 and  school  officers, 

co-ordination  of, 
231,  235 

 •        appointment  of. 

545,  585.  636 
 County,  duties  of, 

553 

 diagnosis  by,  236 

 duties  of,  548  {see 

also  Cliaps.  xvHi. 

and  sxi.) 

 qualifications,  546 

 reports  of,  550,  556, 

564,  648 

 salary  of,  548 

 suspension  of,  547 

— =  tenure  of  office  of, 

546 

 School  {see  School  Medi- 
cal Officer) 

 treatment  of  school  children. 

257 

Mediterranean  fever,  502 
Meningitis,  cerebro-spinal  {see  Cere- 
bro- spinal  ^ever) 

 tubercular,  462 

Men's  workshops,  646 

Merchant  Shipping  (Fishing  Boats) 

Act  (1883).  677 
Mercm'ial  barometers,  26 

 poisoning,  661 

Mercuric  chloride  as  antiseptic,  000 

 as  disinfectant,  537 

 iodide     solution     in  water 

analysis,  82 
Merulius  lacrimans,  186 
Metamorphic  rocks,  181 
Metchnikoflfs  theory  of  protection, 

367 

Meteorology,  17 
Methane  in  air,  3 
Metropolis  Water  Act,  191 
Mews,  216 

Meyer's  disinfector,  532 
Microbes  {see  Micro-organisms) 
Micrococci,  355 

 pathogenic,  356 

Micrococcus  melitensis,  502 
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Micrococcus  urese,  356 

 viscosus,  136 

Microgametocyte,  494 
Micro-organisms,  355 

 cultivation  of,  359 

 at  higli  tempera- 
tures, 361 

 in  presence  of  inliibitory 

reagents,  362 

 patliogenic,  359 

 subculture  of,  from  old  cul- 
tures, 361 
Middens,  297,  SCTO,  301 
Middlesbrougli,  pneumonia  at,  451 
Midwives  Act,  599 
Military  hospitals,  672 

 hygiene,  666,  671 

Mill£,  128 

•  and  disease,  139,  411,  427.  441, 

462,  594 

•  adulteration  of,  132 

 bacteria  in,  134 

 composition  of,  101,  129 

 •  condensed,  150 

 control  of  supplies  of,  148 

 depots  for  infants,  566 

 epidemics,  141,  594 

 characteristics  of,  145 

 examination  of,  137 

 bacteriological,  139 

 fermentation  of,  134 

 pathogenic  organisms  in,  136 

 preservation  of,  138,  149 

 proliibition  of  sale  of,  594,  628 

 recommendations  of  Depart- 
mental Committee,  103,  133 

 regvilations  for  sale  of,  132 

 standard  for,  129,  130 

 sterilization  of,  150 

■  -sugar,  101,  129,  134 

 supplies,  594 

Milk-vessels,  cleaning  of,  632 

Milkshops  (see  Dairies) 

Millstone  grit,  181 

Milne's  hypotliesis,  716 

Mineral  matter  in  milk,  130 

 salts  in  water,  65 

Mines,  control  of,  663 

 refuse  from,  621 

Miiiimetric  test  for  carbonic  acid,  14 

Minimum  thermometer,  17 

Mist,  cause  of,  21 

Model  bye-laws,  680 

Moisture  of  air,  20 

— — of  soil,  170 

Moncrieff's    treatment    of  sewage 

t)acteria,  320 
Mond  gas,  3 
Montgolller's  rule,  203 
Morell's  ash-closet,  298 


Moro's  reaction,  459 
Mortality  and  age,  613,  707,  722. 
730,  731,  732,  733,  734 

 and  density  of  population,  197 

 and  occupation,  720,  723 

 and  season,  718,  720.  721 

 and  sex,  708.  710.  730,  731, 

733,  734 

 infantile  {see  Infant  mortality) 

Mortar,  183 

Mortuaries,  583,  636,  678,  698 

 construction  of,  698 

Mosquitoes  and  malaria,  495 

 and  yellow  fever,  487 

Mothers,  schools  for,  567 
Muco-enteritis    {see  Diarrhoea,  epi- 
demic) 

Mud,  permeability  of.  183 
Mumps,  401 

 and  schools.  248 

 infection  of,  401 

Munich,  enteric  fever  at.  177,  424 
Municipal  Corporations  Act  (1882), 
679 

Mussels,  poisoning  by,  123,  128 
Muzzling  dogs  for  rabies,  470 
Mycosis,  mechanical,  355 
Mytilotoxine,  124 
Myxococcidium  stegomyise,  487 

Natural  increase  of  population,  70o 

 ventilation,  200,  206,  207 

Navy,  hygiene  of,  673 

 mortality  statistics  in,  674 

Necks  of  low  pressure,  30 

Negretti's  recording  and  electric 
anemometer,  34 

Nemathelmijithes,  337 

Nematoda,  341 

Nesslerizing,  82 

Nessler's  solution,  82 

New  streets  and  buildings,  bye- 
laws  as  to,  583,  678,  684 

Nightsoil,  deposit  of,  681 

Nitrates  in  soil,  173 

 in  water,  68 

 tests  for,  69 

Nitrification,  173.  174 

Nitrites  in  water,  68 

 tests  for,  69 

Nitro-bacteria,  174 

Nitrogen  in  air,  2,  15 

 in  soil,  173 

 in  water,  64 

 inorganic,  68 

 organic,  83 

 oxidized,  69 

Nitrogenous  food,  96 

Nitrosa  bacteria,  174 

Nitrous  acid;  539,  543 
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Non-notifiable  diseases  (see  Diseases 

nou-notiflable) 
Norton's  tube  well,  45.  46 
Notifiable  diseases    (see  Diseases 

notifiable) 
Notification  of  Births  Act  (1907) 
642 

 and  canal  boats,  564.  625 

 and  conxnion  lodging-houses, 

564,  575 

 and  tenement  houses,  564,  696 

 and  vans  and  tents,  564 

 compulsory,     of  infectious 

cUseases,  508,  636 

 retmns,  563 

Nottingham,  scarlet  fever  at,  407 
— — small-pox  at,  377 

 Welbeck  disease  at,  109 

Nuisances,  575 

 bye-laws  regarding,  676,  679, 

681 

 procedure  in  regard  to,  577 

Oatmeal,  composition  of,  101 
Oats,  160 
Oat-starch,  162 
Obligate  parasites,  358 
Obstructive  buildings,  606 
Occupation  and  mortality,  720,  723 
Offensive  accumulations,  576,  579, 
590,  676,  681,  682 

 materials,  storage  of,  699 

 trades,  578,  635,  678,  699 

 apparatus  in,  700 

 drainage  in,  700 

 floors  in,  700 

 tanks  in,  700 

 types  of,  699 

 vapom-s  of,  700 

 walls  in,  700 

Oldham,  small-pox  at,  376 
Oolite,  181 
Open  fires,  208 

 space  aroimd  houses,  196,  685 

 Spaces  Act  (1887),  679 

 bye-laws  as  to,  679 

Ophthalmia  and  schools,  250 
 neonatorum,  compulsory  noti- 
fication of,  509 
Opsonins,  368 
Optical  tests  for  milk,  .138 
Optimmn,  373 
Organic  matter  in  air,  12 

 in  soil,  175 

 in  water,  40,  80 

 nitrogen,  83 

Organisms  in  air,  12 

•  in  soil,  174 

 in  water,  58 

Orsett  Union,  small-pu.\  in,  376 


Osier-beds  and  sewage  filtration,  316 
Osier's  anemometer,  33 
Overcrowding,  576 
Oxford,  infant  mortality  at,  713 
Oxidized  nitrogen,  69 

 tests  for,  69 

Oxygen  in  air,  1,  15 

 in  soil,  172 

 in  water,  64 

 process,  Blair's,  87 

 Forchanuner's,  85 

 results  of,  86 

Oxyuris  vermicularLs,  341 

Oyster  culture  in  relation  to  disease, 

123,  428 
Oysters,  poisoning  by,  123 
Ozone,  1,  15 

Pabuliun  theory  of  protection,  366 
Pail-closets,  298,  300,  301 

 in  schools,  225 

Pan  closets,  293 
Pandemic  diseases,  350 
Paramecium,  334 
Parasites,  357 

 amoeboid,  358 

 animal,  334 

 facultative,  358 

 in  meat,  108,  111,  115 

 in  water,  58 

 malarial,  493,  494 

 obligate,  358 

 vegetable,  355,  357 

 worm,  337 

Parents,  instructions  to,  as  to  noti 

flable  diseases,  235 
 warnings  to,  as   to  measles, 

248 

Parish  coimcils,  601 

 meetings,  601 

Parotitis  (see  Mumps) 
Particulate  matter  in  air,  11 
Passages,  cleansing  common,  591 
Pasteur-Chamberland's  filter,  53 
Pasteurization,  150 
Pasteur's  experiments  in  rabies,  469 

 process,  12 

 solution,  360 

 vaccine,  361 

Paviper  sickness  returns,  563 
Peas,  161 

 composition  of,  101 

Pea-starch,  162 

Pellagra,  160,  502 

Penalties,  633 

Pentastomata,  337 

Pepper  starcli,  162 

Peppermint  test,  290 

Perforated  bricks  as  ventilators,  201 

Periodicity  of  epidemics,  350 
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Peritonitis,  tubercular,  462 
Periwinlvles,  124: 

Permanganate,  alkaline,  in  water 
analysis,  82 

 potassium,  as  deodorant,  544 

 as  disinfectant,  536 

 solutions    of,    in  water 

analysis,  81,  82,  85,  87 
Persons     per     inhabited  house, 

number  of,  704 
Pertussis  (see  Wliooping-cough) 
Pestis  minor,  488 
Petri  plate  cultivation,  12,  360 
Pettenkofer's  method,  12 

■  observations  on  cholera,  178, 

480 

 on  enteric  fever,  177, 178, 

423 

Phagocyte  theory  of  protection,  367 
Phosphates  in  water,  71 

 test  for,  91 

Phosphorus  poisoning,  660 
Phthisis.  179.  453 

■  and  schools.  249 

 animals  and,  112,  460 

•  bacteriology  of,  112,  457 

■  compulsory  notification  of,  in 

institutions,  513 

•  ■  dampness  of  soil  and,  179,  453 

 food  and,  462 

 geographical   distribution  of, 

453 

 infection  of,  458 

 inheritance  and,  455 

 inoculation  of,  459 

 intemperance  and,  454 

 locality  and,  189,  453,  459 

■  milk  and,  136,  462 

 mortality  of,  453,  456,  710, 

714,  724 

 occupation  and,  454 

 predisposing  conditions  of,  454 

 prevention  of,  466 

 race  and,  455 

 sanatoria  for,  467 

 sex  and,  456 

 soil  and,  179,  453 

 tuberculin  in  diagnosis  of,  458 

 in  treatment  of,  458 

 (see  also  Tuberculosis) 

Phylloxera,  167 
Physical  dietary,  99 

 training  in  schools,  252,  260 

Pipes,  rain,  289,  584 

 ■  waste,  288 

 water,  76 

  (.see  also  Drains) 

Pirquet's  (von)  reaction,  459 

Plague,  488 

 ambulant.  489 


Plague,  bacillus  of,  490 

 toxins  in,  365 

 bubonic,  488 

 infected  ships  and,  524 

 pestis  minor,  488 

 pneumonic,  488 

 prevention  of,  491 

 regulations,  524 

 septicEemic,  488 

 symptoms  of,  488 

Plans  of  construction,  691 
Plasmodia,  358 
Plate  cultivations,  360 
Platyhelminthes,  337 
Playgrovmds  of  schools,  222 
Plenum  ventilation.  205,  220 
Plug  closets.  292 
Phmibism,  75,  94 
Plumbo-solvency,  70 

 test  for,  78 

Pneumonia,  epidemic,  448 

 •          at  Middlesbrough,  451 

 bacillus  of,  450,  451 

 incubation  of,  452 

 mortality  of,  452 

 predisposing   causes  of 

450 

 season  and,  448 

 -•         sex  and,  449 

Pneumonic  plague,  488 

Pocket  anemometer,  Casella's,  34 

Poisoning,  industrial.  659 

Poisson's  formula,  728 

Polarite,  315 

Polluted  sites,  590 

Pollution  of  air,  6 

 .of  rivers,  40,  84,  312,  591,  620 

 of  soil,  40,  42,  173 

 of  water,  40,  42,  88,  93,  574 

Poor  Law,  children  imder,  260 

Population,  703 

 actual  increase  of,  705 

 age  distribution  of,  705 

 estimates  of,  703 

 natural  increase  of,  705 

 of  England  and  Wales,  731 

 age  and  sex  distribution 

of,  731 

 per  house,  704 

 urban  and  rural,  705 

Pork,  composition  of,  101 

Port  Sanitary  Authority,  587,  675 

 and  cholera,  524 

 and  M.O.IT.,  552 

Porter-Clark  process,  51 

Portland  cement,  183 

Potassium  iochde  solution  in  water 
analysis,  82,  85 

 permanganate  (see  Perman- 
ganate, potassium) 
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Potato,  161 

 compositiou  of,  101 

 starch,  162 

Pouchet's  aeroscope,  11 
Power  of  entry  upon  private  pre- 
mises, 578 
Precipitation  processes,  313 
Preservation  of  eggs,  156 

 of  fish,  123 

 of  meat,  116 

 of  milk,  138,  1-19 

Pressm-e  anemometer,  33 
Prevention  of  cruelty  to  childi'en, 
643 

 ■  Act  (1904),  664 

 of  infectious  diseases,  507 

 of  nuisances,  bye-laws  as  to, 

676,  679,  681 

 of  oyster  poisoning,  126 

Private  improvement  expenses,  586 
 premises,  power  of  entry  upon, 

578 

 scavenging,  bye-laws   as  to, 

573,  634,  676,  681 
Privies,  297,  300,  572,  689 

 bye-laws  as  to,  681 

Probable  duration  of  life,  714 
Producer  gas,  carbonic  oxide  in,  3 
Protection  in  specific  diseases,  365 

 of  infant  life,  643 

 theories  of,  366 

Protective  inoculation,  358,  362 
Protein  as  food,  96 

 in  milk,  129,  130 

Proteus  vulgaris,  442 
Protozoa,  334 

Pseudodiphtheria  bacillus,  416 
Ptomaines,  110 
Public  Analyst,  616 

 conveniences,  bye-laws  as  to, 

679 

 Health  Act  (1875),  191,  467, 

508,  571 

 (1896),  588 

 Acts    Amendment  Act 

(1890),  589 

 (1907), 

260,  592 

 (Foreign  Meat)  Regula- 

lations  (1908),  120,  641 

 (Fruit-pickers)  Act  (1882). 

677 

 (Interments)  Act  (1879), 

329 

 —  (Loudon)  Act  (1891),  191, 

633 

 (Ports)  Act  (1896),  589 

.  (Regulations  as  to  Food) 

Act  (1907),  639 
 Service,  235 


Public  Health  (Uasouiid  Food) 
Regulations  (1908),  639 

 (Water)  Act  (1878),  191. 

587 

 vaccination,  393 

Puerperal  fever,  408,  476 

 compulsory  notification 

of,  509 

 ofllcial  definition  of,  509 

Pulex  cheopis,  491 
Pulicidse,  337 

Pulmonary  tuberculosis  (see  Phthi- 
sis) 

Purification  of  sewage,  313.  315. 
316,  319 

 choice  of  method  of.  322 

 of  water,  50 

Pyrites  in  water,  67 
Pyrosoma  bigeminum,  335 

Quadratic  mean,  725 
Quarantine,  domestic,  522 

 school,  in  cliicken-pox,  248, 

396 

 in  diphtheria,  244 

 in  enteric  fever,  250 

 in  impetigo,  250 

 in  measles.  247,  399 

 in  mumps,  248,  401 

 in  ophthalmia,  250 

 in  ringworm,  250 

 in  Rotheln,  402 

 in  scabies,  250 

 in  scarlet  fever.  243 

 in  tuberculosis,  pulmon- 
ary, 249  . 

 in  typhus  fever,  250 

 in  whooping-cough,  248. 

401 

 ^.stations.  523 

Quarries,  unfenced,  577 

Rabies,  468 

 furious,  468 

 in  dogs,  468 

 in  men,  468 

 incubation  of,  469 

 mortality  of,  468 

 Order  (1892).  470 

 paralytic,  468 

 Pasteur's  experiments _m,  469 

 prevention  of,  469,  470 

Raft  theory,  6 
Rainfall,  35 
Rain-gauge,  35 
Rain-water,  30 

 disposal  of,  304,  308 

 pipes,  289,  584 

 system  of  drains,  286 

Ransom's  disinfector,  533 
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Rats,  infection  by,  491 
Eaiisclibraud,  357 
Eedliill,  euteric  fever  at,  425 
Refuse,  household,  removal  of,  279, 

297,  302,  572,  590,  681 
 town,  302 

 trade,  302,  629,  631,  693,  700 

Registers  of  sickness,  517,  565 
Registrars  of  births  and  deaths,  562 
Registration  of  births,  705 

 of  canal  boats,  623 

 of  common  lodging-houses,  575 

 of  dairies  and  cowsheds,  625 

•  of  deaths,  706 

 of  slaughter-houses,  585,  591, 

678,  692 

 of  tenement  houses,  216 

Regnault's  hygrometer,  22 
Regulations  for  m-bau  and  rural 

districts,  565 
 power  of  S.A.  to  frame,  676, 

679 

Relapsing  fever,  496 

  compulsory  notification 

of,  508 
Relative  humidity  of  air,  24 
Remittent  fever,  492 
Removal  of  refuse,  279,  297.  302 
572,  590,  693 

 to  hospital,  518,  381,  595 

Reservoirs,  water,  48 
Respiration,  9 

Retention  theory  of  protection,  367 
Returns  of  births,  563 

•  of  deaths,  562 

 of  lodging-houses,  694 

 of  notifications,  563 

 of  pauper-sickness,  563 

Revaccination,  388,  395 
Revolver  closets,  296 
Revolving  purifier,  56 
Rhizopods,  334 
Rice,  160 

 composition  of,  101 

 starch,  162 

Rickets,  105 

Right  of  entry  upon  private  pre- 
mises. 578 
Ringworm,  357 

 and  schools,  250 

River  Boards,  622 

 water,  40 

Rivers,  40 

 Pollution  C'onniiission,  stand- 
ards sviKgested  l)y,  324 

 Connnissioners'  Rei)ort, 

84 

 —  of,  40.  84,  312,  501,  620 

 Trevention  Act  (1876), 

020 

2w 


Rivers   Pollution   Prevention  Act 

(1893),  621 
Road  sweepings,  302 

 washings,  304 

Robinson's  anemometer,  33 
Rochdale  system,  298 
Roofs,  requirements  as  to,  685 
Rooms,  area  of,  199 

 disinfection    of,    522,  538 

 over  privies,  cesspools,  etc.,  590 

 ventilation  of,  186,  187,  200 

686,  696 
Roseola,  epidemic  {see  Riitheln) 
Riitheln,  401 

 infection  of,  402 

Royal    Commission    ou  arsenical 
poisoning,  166 

 on  sewage  disposal,  126, 

322,  622 

 ■  on    tuberculosis  (1895). 

114,  463 

 (1898),  113 

human  and  bovine, 
final  Report, 

  139,  458,  466 

 Second 

Report. 
465 

 Third 

Report, 
466 

~~          on  vaccination  (1896),  392 

Rural  and  urban  birth  and  death 
rates,  730 
mortality  compared  708 

 District  Councils,  602 

districts,  urban  powers  for,  586 

 Sanitary  Authorities,  571 

power  of,  to  frame 
bye-laws,  587,679 

 districts,  571 

Rutherford's    minimum  thermo- 
meter, 17 
Rye,  160 
 starch,  162 

S-trap,  280,  287 
Sago  starch,  162 

Sale  of  Horseflesli  Regulation  Act 
(1889),  620 

 Of  Food  and  Drugs  Act  (1875) 

  014 

~;2Z^  (1899),  017 

Amendment 
Act  (1879). 

 of  Butter  Regulations  (1902) 

153  ' 

— -  of  Milk  h'egulations  ( 1 90 1 )  13" 
bait  meat,  composition  of.  loi 
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Salts  in  diet,  98 

■  in  water,  65 

Samples  of  food  and  drugs,  617 

 of  water,  56 

Sanarelli's  bacillus,  486 

Sanatoria  for  phtliisis.  467 

Sand  filters,  52 

 sites  upon,  181 

■  water  from,  181 

Sandstone  permeability,  173,  183 

 sites  upon,  181 

 water  from,  66,  181 

Sanitary  Accommodation  Order 
(1903),  653 

 arrangements  of  scliooLs,  super- 
vision of,  228 

 Authorities,  571 

 and  bye-laws,  638 

■ — ■ —          and  house  construction, 

190 

 •  and  water  supply,  94, 191 

 combining    to  appoint 

M.O.H.,  585 

 default  of,  586,  637 

 duties  of,  as  to  bm-ial- 

grounds,  329 

 Port,  587 

 powers   and   duties  of 

{see  Chaps,  xv.,  xviii., 

and  xxi) 

 urban  and  rural,  571 

 conveniences  in  schools,  223 

 districts,  571,  667 

 combination  of,  585 

 Inspectors,  appointment  of,  636 

 duties  of,  567 

 law,  571 

 Officers  Order  (1910).  570 

 purposes,   union  of  districts 

for.  586 

 Services.  Military  and  Naval. 

666 

 squads,  667 

Sanitation  of  school  premises,  253 
Saprophytes,  358 
Sarcinte,  355 

Sausages  and  disease,  116 
Saussm-e's  hygrometer.  22 
Scabies  and  schools,  250 
Scarlet  fever,  402 

 •  age  and,  403 

 '■  ■ — •  and  schools,  243 

 ■  at  Nottingham,  407 

 ■  bacteria  of,  405 

 compulsory  notification 

of.  508 

 epidemic  type  of,  404 

 incubation  of,  400 

 infection  of,  400 

 isolation  of,  408 


Scarlet  Fever,  milk  and,  142 

 mortality  of.  404,  721 

 puerperal.  408 

 rash  of.  406 

• — —          season  and,  402,  403 

-■  sex  and,  404 

Scavenging,  302.  573,  634,  676,  681 
Scliistosomum  haematobium,  340 
Scliizomycetes,  355 
School  children,  medical  inspection 

of,  251.  255.  256. 

466,  559 

—  treatment  of,  257 

 hygiene    (see     Schools  and 

Scliool  children) 

 Medical  Service.  255 

 Officer,  254 

 ■  •  annual   report  of, 

261 

Schools,  217 

 building  of,  217 

 cloak-rooms  in,  222 

 closets  for,  223 

 earth-,  255 

 water-,  224 

 closure  of,  229,  240,  254 

 for  diphtheria,  245,  414 

 ■  for  measles,  247,  399 

 •  for  scarlet  fever,  244 

 •  for  whooping-cough,  248 

 desks  in.  221 

 dimensions  of,  217 

 drainage  for,  224 

 exclusion  of  cliildreu  from.  230. 

238.  254 

 for  cliicken-pox, 

248,  396 

 —  for  diphtheria,  244 

 for   enteric  fever, 

250 

 for  impetigo,  250 

 for   measles,  247, 

399 

 for  miunps,  248 

 for  ophthalmia,  250 

 for  ringworm,  250 

 for  scabies,  250 

 for   scarlet  fever, 

243 

 for  tuberculosis, 

pulmonary,  249 

 for  typhus  fever, 

250 

 for  whooping- 

cougli,  248,  401 

 for  afflicted  chikh-en,  218.  259 

 for  mothers,  567 

 handicraft  classes  in,  218 

 infectious  disease  in,  220 

 inspection  of,  250 
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Schools,  lighting  of,  219 

 open-air,  attendance  at,  254 

 playground  of,  222 

 powers  of  S.A.  over,  229 

 quarantine    (see  Quarantine, 

school) 

 sauitary  conveniences  in,  223 

 sanitation  of,  263 

 shower-baths  in,  222 

 sites  of,  183 

 special  classes  in,  218 

 types  of,  217 

 urinals  in,  223,  224 

 ventilation  of,  219 

 warming  of,  221 

 water  supply  of,  223 

 windows  in,  219 

Sclavo's  antianthrax  serum,  423 
Sclerostoma  duodenale,  341 
Scott-Moncrieff  treatment  of  sewage 

bacteria,  320 
Scott's  process,  313,  314 
Scrubbers,  56 
Scurvy,  106 

Seamen's  lodging-houses,  bye-laws 

regarding,  677 
Seasonal  variations  of  barometer,  29 

 of  birth-rate,  706 

 of  death-rate,  719,  721 

 of  disease,  718 

 of  microbes  in  air,  8 

 of  rainfall,  36 

 of  thermometer,  18 

Secondary  cyclones,  30 
Sedgwick's  process,  12 
Sediment  tube,  58 
Sedimentation,  53 
Seiziu'e  of  tuberculous  meat,  113 

  of  unwholesome  meat,  121 

Self-raising  flour,  159 
Self-recording  anemometer,  34 
Separate  contributory  places,  586 

 system  of  sewage,  312,  323 

Separated  milk,  133 

Septic  tank,  319 

Septictenilc  plague,  488 

Series,  statistical,  comparative  value 

of,  724 
Serimi,  antianthrax,  473 

 antitoxic,  372,  434 

— ■■ —  antituberculous,  459 
Service  pipes,  water,  49 

 reservoirs,  water,  48 

■  system,  water,  49 

Severity  of  attack  influenced  by 
age,  353 

 by  season,  353 

 by  sex,  353 

Sewage  bacteria,  61,  310 

 bacterial  treatment  of,  319 


I   Sewage  Commission  reports,  318 

 composition  of,  305,  309,  310 

 disposal  of,  311,  621 

 farms,  312,  319 

 filtration  of,  315 

 intermittent,  316 

 irrigation  of,  broad,  316 

 pollution  of  rivers  by,  41,  312, 

!  620 

 precipitation  of,  313 

 purification  of,  313,  315,  316, 

319 

 choice  of  method  of,  323 

 Royal  Commission  on  disposal 

of,  622 

 value  of,  310 

Sewer,  definition  of,  576 

 gas,  305,  411,  428 

Sewers,  303,  571,  589 

 air  of,  305 

 capacity  of,  308 

 flushing  of,  304 

 ventilation  of,  307 

Sex  and  death-rates,  708,  710,  730, 

731,  733,  734 
 and  expectation  of  life,  718, 

734 

 cUstributiou  as  affecting  mor- 
tality, 707,  731 

 numbers  born  of  each,  705 

Sexes,  separation  of,  in  common 

lodging-houses,  682 
 in  factory  closets,  589, 

653 

 in  school  closets,  223 

Sheffield,  small-pox  at,  375,  384,  385, 
389 

 system  of  desks,  221 

Shell  fish,  poisoning  by,  123,  127 
Sheringham's  ventilator,  201 
Ships  infected  with  cliolera,  524 

 subject  to  jiu-isdictiou  of  S.A. 

578 

Shone's  system,  309 

Shop  Hours  Acts  (1892,  1893,  and 

1895),  664 
Shower-batlis  in  schools,  222 
Sickness,  registers  of,  517 
Sick-room,  arrangement  of,  519 
Silicates  in  water,  67 

 test  for,  67 

Silk  as  clothing,  529,  530 
Sillar's  process,  374 
Simple  continued  fever,  435 
Siplion  barometer,  26 

 trap,  280,  287 

Sites,  588,  590,  685 
Skim-milk,  130 
Skylights,  219 
Slaughter,  modes  of.  692 
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Slaughtei'-liouses,  584,  591,  078,  692 

 cleansing  of,  692 

 ■  drainage  of,  092 

 inspection  of,  092 

 registration  of,  692 

 removal  of  refuse  of,  693 

 ventilation  of,  692 

 water-supply  of,  692 

Sleeping  sickness,  503 

 inoculation  of,  504 

Sleeping-roonxs,  683,  696 

 analysis  of  air  in,  196 

Slop-closets,  296 
Small-pox,  374 

 aerial  transmission  of,  375 

 age  and,  377,  382 

 and  vaccination,  381 

 at  Bradford,  376 

 at  Glasgow,  376 

 at  Gloucester,  375 

 at  Kilmarnock,  383 

 at  London,  385 

 at  Nottingham,  377 

 at  Oldliam,  376 

 at  Orsett  Union,  376 

 at  Sheffield,  375,  376,  384.  385, 

389 

 at  Warrington,  376 

 compulsory  notification  of,  508 

 diagnosis  of,  379 

 epidemic  character  of,  374 

 hospitals  for,  267 

 incubation  period  of,  378 

 infection  of,  378 

 inoculation  of,  371,  380 

 mortality  of,  382,  721 

—  and  age,  377,  382,  383 

 pre-  and  post- vaccination  pe- 
riods of,  mortality  of,  381 

 precautionary  measures  in,  380 

 race  and,  378 

■  rash  of,  379 

 season  and,  375 

 -sex  and,  372 

 symptoms  of,  379 

Smith's  (Angus)  method,  14 
Smoke  nuisances,  576 

 test,  290 

Snow,  clearing  away,  681 
Soap,  79 

Soda  salts  in  water,  72 

Sodium  hyposulpliite,  solutions  of, 

in  water  analysis,  85,  87 
Softening  of  water,  51 
Soil,  169 

 air  in,  172 

 and  disease,  177 

 bacteria  in,  174 

 composition  of,  173 

 made,  173,  180  . 


Soil,  moisture  of,  170 

 organic  matter  in,  175 

•  pipes,  284 

 testing  of,  290 

 temi)erature  of,  169 

Soldiers,  selection  of,  667 
Solids,  not  fat,  in  milk,  130,  133,  137 
Sore-tinoat,  milk-borne,  144 
Southampton,  enteric  fever  at,  428 
Special  drainage  districts,  586 
Specific  diseases,  347,  374 

 protection  in,  365 

 gravity  of  milk,  137 

Spence's  process,  314 
Spirilla,  356 

 pathogenic,  356 

Spirits,  163 
Spirochsetse,  356 
Splenic  fever  {see  Anthrax) 
Sponge  filters,  52 
Spongy-iron  Alter,  52,  56 
Sporocytes,  494 
Sporozoa,  334,  494 
Sporozoits,  495 

Spotted  fever   (see  Cerebro-spinal 

fever) 
Sprengel  pump,  64 
Springs,  39 
Stable  dwellings.  216 
Standardization  of  disinfectants,  541 
Standards  of  purity  of  air,  192,  195 

 of  milk,  129,  130 

 of    sewage    and  trade 

effluents,  324 

 of  water,  91 

Staphylococci,  355 
Starch,  161 
 as  food,  97 

 examination  of,  microscopic, 

162 

 solution  in  water  analysis,  85 

Starches,  foreign,  in  flour,  157,  160 
Statistical  series,  value  of,  724 
Statistics,  vital,  703 
Steam  disinfection,  531 

 heating  by,  211 

 in  sewers,  589 

Stegoniyia  fasciata,  487 
Stephanurus  dentatus,  115 
Sterilization  of  nulk,  150 
Stoves,  heating  by,  210 
Strasburg,  enteric  fever  at,  432 
Streams,  pollution  of,  40,  591 
Streets,  new,  583 

 bye-laws  as  to,  678,  684 

Streptococci,  62,  355 
Streptococcus  enteriditis,  442 

 ■  hollandicus,  136 

 pyogenes,  405 

 scarlatinffi,  405 
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Streptothrix  actinomyces,  357 

 •  maduvas,  357 

Strongylus  duorlenalis,  341 

 fllaria,  108 

Structures  (see  Buildings) 
Subsoil  drainage,  171,  280 

■  •  irrigation,  311 

 water,  171 

—   cUsposal  of,  304,  303 

Successive  means,  727 

Sugar,  composition  of,  101 

Sulphates  of  iron,  copper,  and  zinc, 
as  deodorants  and  disinfec- 
tants, 535,  544 

 in  water,  66 

 tests  for,  67 

Sulphides  in  water,  71 

 tests  for,  71 

Sulpliirretted  hydrogen  in  air,  4 

 in  water,  65 

Sulphuric  acid  solution  in  water 
analysis,  85,  87 

Sulplim'ous  acid  as  autiseptic,  543 

 •  as  disinfectant,  538 

 in  air,  3,  193,  209 

 in  water,  67 

 ■          solution  in  water  analysis, 

83 

Sunday-schools,  independence  of,  of 

S.A.,  241 
Sunshine  recorders,  19 
Superheated  steam,  531 
Surgeons,  certifying,  iu  factories,  654 
Susceptibility  to  disease,  variations 

in,  351,  353 
Suspended  matters  in  air,  1,  6,  9 

 iu  water,  58 

Swine,  keeping  of,  573,  627,  635,  681 
Symonds'  earth  thermometer,  20 
Synoptic  charts,  29,  30,  32 

Tabes  mesenterica,  453,  462 
Tache  cerebrale,  447 
Taenia  eclrinococcus,  339 

 nana,  339 

 •  solium,  338 

Tseniada,  108,  337 

Tapeworms,  108.  337,  338 

Tapioca  starch,  162 

Taylor's  closet,  298 

Teachers,    instructions   to,    as  to 

notifiable  diseases,  235 
Teeth,  decay  of,  668 
Telluric  diseases,  177 
Temperance  teaching  in  scliools,  260 
Temperature,  dew-point  of,  21,  23 

 of  air,  17 

 of  factories,  651 

- — of  soil,  19,  169 
Tenement  factory,  046 


Tenement  houses,  216 

 bye-laws  as  to,  077,  094 

 ■          cleansing  of,  695 

 closet  accommodation  of, 

695 

 •  •  cubic  space  of,  694 

 definition  of,  694 

 infectious  disease  in,  696 

 •  inspection  of,  695 

 lighting  of,  212 

— '  private,  215 

i  returns  of,  694 

I  ventilation  of,  695,  696 

 water  supply  of,  695 

 yards  of,  696 

 workshop,  646 

Tent  hospitals,  274 

Tents  and  vans.  577,  603,  677 

Tetanine,  364 

Tetanolysin.  364 

Tetanospasmin,  364 

Tetanus,  474 

 bacillus  of,  475 

Therapeutics  of  iuunmiity,  372 

Thermometers,  air.  17 

 earth,  20 

Threadworms,  341 

Thi-esh's  disinfector.  532 

 process,  64 

Thrush.  357 

Tidy's  oxygen  process,  85 

Tinned  foods,  117 

Tobin's  ventilator,  201 

Torricellian  vacuum,  28 

Town  planning,  612 

Towns  Improvement  Clauses  Act, 

584 
Toxins,  363 

 effects  of,  363 

 extracellular,  364 

 haptophorous  element  of,  369 

 intracellular,  364 

— - — ■  toxophorous  element  of,  369 
Trade  efflvients,  41.  304,  323,  620 

 refuse,  302,  629,  631,  693,  700 

Trades,   offensive,   578,  635,  678, 

699 

Trap.  anti-D,  287 

 Antill's,  288 

 bell,  287 

 D,  288,  292 

 disconnecting,  284 

  grease,  288 

 gulley,  286 

 rock.  181 

 S.  280,  287 

 siphon.  280.  287 

 ventilatijig.  284 

Traps.  260,  293 
I  Trematoda,  340 
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"  Trembles,"  140 

Tricliiiia  spiralis,  108,  115,  344 

Tricliiiiosis,  344 

Tropical  abscess  of  liver,  parasites 
in,  358 

 diseases,  477 

Trough  closets,  294 

 in  schools,  223 

Trypanoplasma,  336 
Trypauosoraes,  336,  503 
Tub-closets  (see  Pail-closets) 
Tube  wells,  46 

Tubercle  bacillus,  7,  112,  136,  457 

 toxin  of,  365 

Tubercular  meningitis,  462 

 peritonitis,  462 

Tuberculase,  458,  459 
Tuberculin,  bovine,  459 

 in  diagnosis  of  phthisis,  458 

 in  treatment  of  phthisis,  458 

Tuberculocidin,  458 
Tuberculosis,  112,  452 

 avian,  466 

 bovine,  463 

 himian,  463 

 Eoyal    Commissions  on  (see 

Royal  Commission) 

 transmissibUity  of,  from  ani- 
mals to  man,  463 

 verrucosa  cutis,  464 

 {see  also  Phthisis) 

Tmnbler  closets,  296 

Typhoid  bacUhLs,  7,  137,  433 

 in  soO,  176 

 carriers,  431 

Typhus  fever,  419 

  age  and,  421 

 and  schools,  250 

 causes  of,  420 

 compidsory  notification 

of,  508 

 incubation  period  of,  421 

 ■          infection  of,  421 

 preventive  measm-es  for, 

422 

 sex  and,  421 

Tyro-toxicon,  155 


Uudergromid  dwellings,  216 

Unhealthy  areas,  604 

 dwellmgs,  606 

Unsound  food,  seizm-e  of,  580 

Unwholesome  meat,  classification 
of,  121 

 seizure  of,  121 

Urban  and  rural  birth-  and  death- 
rates,  730 

  mortality  compared,  708 

 District  CoiuicUs,  603 


Urban  powers  for  rural  districts, 

586 

 Sanitary  Authorities,  571 

 .  i)Ower  of,  to  make 

bye-laws,  589,  676 

 districts,  571 

Urinals  in  schools,  223,  224 
Urinary  calculi,  80,  94 
Uxbridge,  enteric  fever  at,  425 


Vaccination,  373,  381 

 Acts,  393 

 calf,  390,  391 

 certificates,  magistrates',  393 

 postponement,  394 

 in  Ai-my,  672 

 in  rabies,  469 

 insusceptibility  to,  394 

 practice  of,  389 

 protection  by,  391 

 public,  393 

 quality  of,  386 

 report  of   Eoyal  Commission 

on,  392 

Vaccine,    Haffkine's  tuberculosis, 
483 

 plague,  490 

 Pasteur's,  361 

 Wright's,  434 

VacuiuB  ventilation,  206 
Value  of  sewage,  310 

 of  statistical  series,  724 

Valve  closets,  291,  292 

Van  Overbeck  de  Meyer's  disin 

fector,  532 
Vans  and  tents,  577,  603,  677 
Varicella  [see  Chicken-pox) 

 gangrenosa.  395 

Variolation,  371,  380 
Vaults,  697 
Vegetable  dietary,  104 

 foods,  157 

 matter  in  soil,  175 

 in  water,  88,  93 

 parasites,  355,  357 

Vegetables,  green,  composition  of, 

101 

Vegetation,  effect  of,  on  climate,  169 
Ventilation,  91 

 artificial,  205 

 beneath  floors,  184,  686 

 Haldane  and  Lorrain  Smith's 

experiments,  194 

  mechanical,  205,  207 

■  natural,  200,  206,  207 

 of  cowslieds,  629,  631 

 of  drains,  283,  687 

 of  dwelhug-houses,  191,  686, 

096 
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Ventilation  of  factories  and  worli- 

sliops,  649 

 of  hospitals,  265 

 of  new  buildings,  686 

 of  rooms,  186,  187.  200,  686, 

696 

 of  schools,  219 

 of  sewers,  308 

 of  slaughter-house,  592 

 of  tenement  houses,  695,  696 

Ventilators,  200 
Verdet,  160 

Verminous  children,  ■  Cleansing  of, 
644 

 dysentery,  505 

Vernier  scale,  26 
Vibriones,  356 
Virus,  attenuation  of,  361 
 transmission  of,  through  insus- 
ceptible animals,  362 

 (see  also  Toxins) 

Vital  statistics,  702 
Vogel's  blood- test,  15 
Von  Pirquet's  reaction,  459 
V-shaped  depressions,  30 


Walls,  construction  of,  183,  186,  685 
Wankb'n's  ammonia  process,  81 
Warming  {see  Heating) 
Warrington,  small-pox  at,  376 
Wash-down  closet,  292 
Washing  in  common  lodging-houses, 
683 

Washington  Lyon's  disinfector,  532 
Wash-out  closet,  91,  292 
Waste-pipes,  288 
Waste-water  closets,  296 

•  in  schools,  226 

 system  of  drainage,  286 

Water,  38 
  aerated,  65 

 amount  of,  for  domestic  use, 

38 

 for  personal  use,  38 

 analysis  of,  80 

 and  disease,  93,  424,  437,  441, 

480 

  as  food,  98 

 Imcteria  in,  59,  92 

■  barometer,  28 

 closets,  291,  572,  688 

 in  scliools,  224 

 collection  of,  47 

 dissolved  matter  in,  57,  80,  88 

•  distribution  of,  49 

 examination  of,  50,  03,  80,  88 

 bacteriological,  63,  90 

"  gas,"  carbonic  oxide  in,  3 

■  gases  in,  64 


Water,  good  and  bad,  90 

 gromid,  171 

 hardness  of,  78 

 in  air,  16 

 in  milk,  138 

 in  soil,  170 

 in  tissues,  98 

 mineral  salts  in,  65 

 organic  matter  in,  80 

 organisms  in,  58 

 physical  characters  of,  57 

— pipes,  76 

 purification  of,  50 

 rain,  39 

 river,  40 

 ^  salts  in,  65 

 samples  of,  56 

 sources  of,  38 

 spring,  39 

 storage  of,  47 

 supplies,  42,  49,  94,  191,  574, 

587,  633 

 ■  — '■ —  for  canal  boats,  624 

 for  cowsheds,  630 

 for  schools,  223 

 •  •  for  slaughter-houses,  692 

 pollution  of,  by  grave- 
yards, 327 

— — ■  suspended  matters  in,  58 

 test.  290 

 used  for  public  purposes,  304 

 well,  39 

Watercress,  160 
Water-seal,  280 
Webster's  process,  315 
Wedges  of  high  pressure,  30 
Welbeck  disease,  108 
Wells,  39,  42 

 closure  of,  574 

 dumb,  311 

Werner-Schmidt's  method,  138 
Wet  and  dry  bulb  hygrometer,  23 
Wheat  starch,  162 
Wlieat- flour  {see  Flour) 
Wheel  barometer.  26 
Whisky,  167 

Whittliread's  process,  314 
Whooping-cough.  399 

 and  schools.  248 

 compulsory  notification  of.  513 

 infection  of.  400 

 mortality  of.  400,  721 

Widal's    application    of  Gruber's 

reaction.  434 
Wimbledon,  scarlet  fever  at.  147 
Wincliester.  enteric  fever  at,  428 

 quart,  56 

Wind,  32 

Windows,  187,  200,  086 
 in  schools,  219 


760 


INDEX 


Wind-rose,  35 
Wine,  164 

Women,  employment  of,  in  factories, 
after  child-birth,  062 

 liom-s  of  employment  of,  in 

factories,  662 
Wood  hospitals,  27-t 
Woollen  clothing,  529,  530 
Woolsorter's  disease  (see  Anthrax) 
Work,  home,  658 

 mechanical,  done  by  food,  103 

Worldng  Classes,  Housing  of,  Acts, 

603,  604,  608,  609 
Workmen's      Compensation  Act 

(1906),  664 
Workplace,  647 
Workshops,  645 

 definition  of,  646 

 domestic,  646 

 men's,  646 

 S.A.  and,  647 

 tenement,  646 

 (see  also  Factories) 

Worms,  parasitic,  337 
Wortliing,  enteric  fever  at.  425 


Wright's  vaccine,  434 
Wurster's  reagent,  15 

Yard  gulley,  286 

Yards  of  lodging-houses,  696 

Yellow  fever,  179,  484 

 bacteriology  of,  486 

 endemic  areas  of,  484 

—          etiology  of,  486 

 incubation  of,  486 

  infected  ships  and,  524 

 infection  of,  486 

 predisposing  conditioas 

of,  485 

 prevention  of,  487 

 regulations,  524 

Zinc  salts  as  disinfectants,  535 

 ■          in  water,  78 

Zoogloea,  356 
Zygote,  494 

Zymotic  death-rate,  710 

 diarrhoea    (see  Diarrhoea, 

epidemic) 
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